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Flexibility in Application 
Versatility in design... 


packaged 
4 


analog-digital 
converters 


Shaft Position to Digital Converters features 
reliability, long life, non-ambiguity and speed 
makes these converters ideal for computers or 
data handling systems where serial read-out is 
preferred. Librascope converters transmit infor- 
mation at almost any rate desired up to 1 me and 
in some cases above, and may be multiple time- 
shared, holding extra circuitry to a minimum. 
All units quickly adjustable, syncro-mounted. 
Available in Binary, Gray code or Binary deci- 


mal code as shown in chart below. Special units = wae) -)-- 


may be designed to your order. 


Write for catalog information. Unique, staggered double 
brush_pick-off system 


Reads out serially into 
RESOLUTION PER RESOLUTION DIMENSIONS relays or single or multiple 
INPUT SHAFT REV. OVER FULL RANGE DIAMETER X LENGTH scan matrices 





7 digit 1 part in 128 "28%," Analog digits ar agra 
r = — Ts analog operation 
13 digit | Ipartingisg  P2"x3%" a 


17 digit  & 1 part in 131,072 "x4 ly,” May be time-shared 


19 digit ‘1 part in 524,288 2° x 41K,” 


BINARY 


nounted 





1 


0-2000 1 part in 2000 34" x 47%," Associated circuitry can be 
BINARY nal = po | — nae 
: __0-3600 as IT partin 3600 ‘es 36 x 47%" des gned to fi your 
CODED 0-20,000 | _1 part in 20,000 | Bie" x 47%” data-handling problems 


32 
DECIMAL 0-36,000 1 part in 36,000 | 3," x6%” 





256 1 part in 256 346" x 1%,” 














Precision gearing 

Shaft Speed: 120 rpm continuous 

Operating temp: —55° C to +75°C 

Shock and Vibration: up to 15 G, 5 to 500 cps. 


Life Expectancy: Function of lead current. 
For 13 digit unit @ 2 ma. per brush, life approx. 
5x10* breaks or makes at approx. 120 rpm. 





Engineers, physicists and mathematicians 
interested in challenging California careers, 
contact Mac McKeague, Personnel Director. 


IBRASCOPE 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION COMPUTERS. COMPONENTS ANDO CONTROLS 


LIBRASCOPE, INC. * 808 WESTERN AVE 
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Amid the thundering roar of leashed rockets, 
Speedomax Recorders at Princeton University’s For- 
restal Research Center are probing into the heart of 
rocket engines to gather data that may vitally affect 
our country’s security. The Jet Propulsion Research 
Program, Department of Aeronautical Engineering, 
is developing information essential to the design of 
tomorrow’s guided missiles. This information is col- 
lected in one of the most complete recording rooms 
for dynamic rocket study in the country. 
A bank of Speedomax Recorders AZAR’S 
and multi-point temperature recorders, in con- 
junction with other highly specialized electronic 
equipment are used for recording rocket operating 
data. Performance characteristics—fuel flow, pres- 
sure, temperature of liquid and solid propellants— 
are recorded with precision and dependability. In- 
formation from any one of 12 test areas may be 
plotted on the recorders by means of a unique patch 
panel switchboard. Up to 40 runs have been recorded 
in a single day using this arrangement. Remarkable 
flexibility permits a small group of trained techni- 
cians to provide centralized recording service for a 
large number of specialized experiments. 


Since typical rocket runs may be in the range of 
3-30 seconds duration, often using expensive ex- 
perimental fuels, it is vital to record facts swiftly, 
accurately, dependably. In this laboratory, Speedo- 
max Recorders, with specially designed transducers, 
continuously provide overall accuracy better than 
1%, and overall reproducibility of better than 44% 

This installation incorporates features that are 
typical of many where Speedomax instruments, 
backed by L&N engineering know-how, are providing 
scientists with accurate dependable data. 

L&N’s Technical Puli 
**Neu Horizo ns’’ gives 


lesign an pertorn 


ND46 


Speed lomax instri 
copy by contacting 
OF or Ay writ 
oe 4 ‘4918 Sténtor 


' 


LEEDS .... NORTH RUP 


instruments i ' auto 


= Sil 


JANUARY 1958 





While many people talk 
automatic control, Beckman Systems 
Division is “closing loops” the 
country over. . . in steel mills, in 
aircraft and textile plants, in the 
petrochemical industries. Not yet 


»to close the loop now 


fully automatic manless plants — but 
manless installations, production 
lines, and processes. From wind 
tunnels to paper mills, Beckman 
has provided the systems engineering 
experience and the advanced 
hardware necessary to convert manual 
and semi-automatic operations to the 
fully automatic efficiency required 
in the new industrial era. 


With reliable data processing and data 
reduction systems . . . with digital timing, 
computing, and recording equipment . . . with 
high speed digital and analog control equip- 
ment... with a firm, sure hand in the entire field 
of systems and applications engineering — Beckman 
Systems Division can close loops for you now. 


Beckman is ready with the know-how and hardware 
to tackle individual processes or entire plants, to close 
the loops that often spell the difference between product 
and reject, output and upset, profit and loss. In a time of closing 
loops, can you afford to be left out? 
If you have a control problem, send us a description of the 


application and a Beckman Systems Engineer will contact you 
Write to Department 3D-6-46. 


® 
B ec k man Systems Division 


825 N. Muller Ave., Anaheim, California 
a division of Beckman Instruments, Inc. 


Responsible positions open in engineering, manufacturing, 
technical marketing. 


Write for Career File 10. 
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7 A Survey of 31 Point-to-Point Positioning Systems — Part I 
‘ ]. D. COONEY and B. K. LEDGERW OOD of Controwt ENGINEERING present the first 
comprehensive description of all known domestic and foreign numerically-controlled point 
to-point positioning systems for use on jig borers, drill presses, punch presses, etc. ‘Twelve 


of the 31 systems are covered here; the rest will be described in succeeding issu 


99 Putting Satellites Into Outer Space 
L.H. YOUNG of Conrrot ENGINEERING takes a look at some of the unsolved problems 
that make it impossible to completely control space vehicles from on-board instrumentation 


103 Applying Pneumatic Relays to Industrial Control — Part | 
H. S. GARRET of Moore Products Co. describes six uses of single-function relays, from 


iutomatically selecting a controlled variable to improving system dynamic performance 


108 9 Guideposts in Selecting a Business Data Processor 
P. JAMES of Law Rand, Inc. brings out the important points that must be checked in 
choosing a business data processor that will best answer the needs of a particular firm 


110 Ac Tachometer Compensation Without a ‘Tach Generator 
R. E. KERN and E. A. ROSENKOETTER of Emerson Electric tell how a “‘synthet 


tachometer” used for ac-servo stabilization solved space problems and reduced system cost. 





113. Data File 12— Measuring ‘Transformation Ratio and Phase Shift 
C. LASKIN of Industrial Test Equipment Co. details bridge test methods for accurately 
determining the transformation ratio and phase shift of various inductive transducer 














Use Standard Functions to Test Pneumatic Systems 


R. REID of Convair discusses several pneumatic function generators for control test 


‘ 119 A Simple 60-cps Phasemeter 
R. K. DICKEY of California State 


reveals an easily-constructed, very useful 








Automatic Blender ‘Takes to the Road 
P. A. JASSOY of Elliott Bros. turns asphalt batching into semi-continuous pt 
123 Servo Control for a Large Optical ‘Tracker 

M. H. MEHR of Perkin-Elmer reveals how hydraulic servos drive 12-ton telescope mount 
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Control Personality — ALBERT C. HALL 


A pioneer in automatic flight control turns his hand to numerically-controlled machines. 


What’s New in the Control Field 


Interkama spotlights control as 80,000 attend Germany’s first instrumentation exhibit. 


Industry’s Pulse— Revolution in the Shop 
A look at the present and future of numerical control as it moves from laboratory to shop. 


Editorial — Incomplete Common Denominator 
New United Engineering Center will miss out on a few societies that deal with control. 


New Product Developments 


Featured: a tape-programmed tester, a sealed-contact sampling switch, a rugged flowmeter. 


Abstracts of Technical Papers 


How analog computer helped determine the instrumentation for a nuclear-powered plant. 


New Books on Control Engineering 
Comprehensive review by Lloyd Slater of new Process Instruments and Controls Handbook. 


10 Feedback 163 Bulletins and Catalogs 
12 Shoptalk 172 Meetings Ahead 





Ensnarled here in punched tape, photos, and schematics are CtE’s Associate Editor John 
Cooney, left, and Managing Editor By Ledgerwood, the two men responsible for the series 
starting in this issue on numerically-controlled point-to-point positioning systems (page 67) 
The picture records just one of the many times John and By got together to get the hang 
of the 31 systems discussed in their articles. Each article is a written-from-scratch job repre 
senting hours traveling, studying, and talking to the men who designed, and the men who 
use, the various positioning systems Cov ered 
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12 degrees of freedom 


in dynamic loading 


Standard 1133 Console Capacity 


One Standard Mode! 1133 Control 
Console can be used to operate ail of 
this equipment: 


104 amplifiers 
210 coefficient potentiometers 
20 Function Generators 
24 Electronic Multiplier channels 
12 Servo multipliers and resolvers 
Recorders, relay amplifiers, limiters, 
and transport delays and other 
auxiliary equipment 


144 external trunks 


handled with AS & * 


Boeing Engineers choose the new Beckman/EASE Model 1133 


To analyze landing, gust and blast loads in calculations involving 12 degrees 
of freedom, the Seattle Division of Boeing Airplane Company needed an 
analog computer of exceptional capacity and versatility. It had to meet exact- 
ing current requirements...handle the largest problems with which the 
Engineering Department Structural Dynamics Unit had yet worked... and 
be capable of expansion for the requirements of future studies. 


Boeing engineers found the match to their comprehensive performance specs 
in the EASE Model 1133, specially adapted to this application. With the 
competent help of the local Beckman/Berkeley engineering representatives, 
Hawthorne Electronics of Seattle and Portland, the Dynamics Staff trans- 
lated its requirements into a computer system fully capable of handling the 
immediate projects ...and of being expanded to twice its initial size. 


The new EASE facility consists of six control consoles which can be operated 
independently or as a single large-scale computer. Each console has a fully- 
shielded, short-proof 3600-hole patchboard, and controls an unusually large 
amount of computing equipment. New high-power Beckman/EASE Model 
1049B amplifiers supply 40-milliamp output, important in solving large, com- 
plex matrices. The system is complete with output scanners that print-out 
1000 problem voltages as part of the built-in problem checking function. 


Highly flexible basic design permitted the adaptation of the new Beckman 
EASE Model 1133 to give Boeing engineers exactly the equipment they 
needed. We will be happy to provide full information on how to solve your 
problems with EASE; simply write to Dept. L-1. 


{f= 
a 


x 


Beckman 
BAGEL COMPUTERS 


Mfd. by Berkeley Division, 
Beckman Instruments, Inc 
Richmond 3, California 


EASE Computer service is available on a rental basis. For full details, write George F. Bekey, Director, Beckman/Berkeley Computation Center, 305 Parkman Ave 
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Unique new Taylor TRANSCOPE Re- 
corder plugs into panel-mounted mani- 
fold—an integral part of the sleeve. 
Model shown is the 2 pen recorder 
with continuous set point, automatic- 
to-manual switch and output pressure 
indicator. “Servomatic’’ power pens 
provide 150 times more power than 
conventional bellows-actuated type, 
assuring life long accuracy. 





WA 


Om 


we 
i 


Controller settings are made from the front while recording. 
Gain, reset and Pre-Act* dials are calibrated in specific units. 
Eliminates blind adjustments— settings and results are seen in 
one spot... the front of the panel. 
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Modern 
Process 
Control 


Most dependable chart drive. Chart is held in positive posi- 
tion and driven by rectangular pins. Timing control is absolute, 
because chart drum is driven by a Gilmer, chain-like belt. No 
jerking, because new Rulon bearings cut power needs in half. 
i’’, 30-day chart gives 3 hour visible record. 





,.. 40 Many Features a 
so Little Fanel Space / 


Taylor’s new 90J Series TRANSCOPE* Recorder is a giant step 
forward in the development of convenience and compactness 


for modern instrument panels. No other recorder, regardless 


of size, puts so many features in so little panel space. 


© Front-of-Panel Control Settings let you make adjust- 
ments easier, quicker, and better... from the front of 
the panel ... while recording! You can clearly see 
what you are doing, and the results, because the rec- 
ord is continuous. 


© Stays on Automatic Control while the recorder is re- 
moved for inspection. The unique Set Point Transmit- 
ter remains plugged in the case, providing continuous 
fully automatic control. 


© Complete Indicating Control Station while recorder is 
removed. You see the variable. There’s no need to 
shut down the process for instrument service or ad- 
justments. Horizontal gage at top of recorder will 
show either process variable or air output to valve, 
as desired. 


® More Accurate Records. Responsiveness to transmitter 
output is 0.1%; and because of the very small pneumat- 
ic displacement of the input capsule, the response is 


Exclusive “Set Point Transmitter” allows continuous automatic 
control during recorder removal. The plug-in transmitter as- 
sembly may be removed and the control valve sealed in operat- 
ing position. No need for process down time for instrument 
inspection or servicing, 


practically instantaneous. You see more minute proc- 
ess changes, so you can make optimum control set- 
ting. SERVOMATIC power pens assure accurate pen 
position, 


® interchangeable Components — all major assemblies, 
components and unit parts are completely interchange- 
able. Both the TRANSCOPE Recorder and Controller 
may be changed in the field from simplest to most 
complete form. 


® Receives Three Variables to be recorded or indicated; 
has a set point transmitter, an automatic-to-manual 
switching lever, a cascade or process-output indica- 


tor, and many other features... all in a compact case. 


® Complete Cascade System — a complete master-slave 
combination, in a smaller case than ever before. Per- 
fect for direct control of composition, as well as the 
usual cascade control applications. 


For further information about this revolutionary new 
recorder, see your Taylor Field Engineer, or write for 
Form No. 98282. Taylor Instrument Companies, Roch- 
ester, N. Y., or Toronto, Ontario. 





Laylor Lnslruments 
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The Revolutionary NEW 
la Stool arse Taylor TRANSCOPE* 


Adjustment \_ Locking Nut Orifice 


a: | Smee ra G Recorder 
Se 
Pressure y | ino caren “SERVOMATIC MOTOR” assures lifetime accuracy of 
pen position. Transmitter signal is received and 
amplified by individual force balance servo- 
mechanisms. Efficient spring feedback and power- 
ful longstroke pneumatic motor give 150 times 
greater power than normally available for pen posi- 
tioning. This means greater accuracy; less service 
fo SS > needed. If you like servo-operated devices. . . 
power steering, power brakes . . . you'll want 
SERVOMATIC powered pens. 


Fine Zero 
Adjustment “i ua 


inde 0.1% THRESHOLD SENSITIVITY—A NEW STANDARD 
\ OF ACCURACY. Responsiveness to transmitter out- 
put is 0.1%; and because of the very small pneu- 


Clutch 





matic displacement of the input capsule, the 
response is practically instantaneous. You see 
more minute process changes, enabling you to 
make optimum control settings to increase yield 
of specification product. All servos are identical 
and interchangeable. Servo-pen connection is by 
means of cable . . . no long, jointed, flimsy links 
or levers. Allows perfect linear conversion from 
rotary motion . . . repeatability is truly amazing. 





Write for Form No. 98282 





OPTIONAL ALARMS. Each SERVOMATIC AUTOMATIC-TO-MANUAL SWITCHOVER. NO MESSY PEN FILLING. 3-months ink 
motor can operate either an electric or Automatic-to-seal-to-manual switching supply comes factory sealed in dispos- 
a pneumatic alarm. Each alarm can be lever gives smooth, bumpless transfer— able clear plastic cartridge— instantly re- 
adjusted for one high and one low, or no air leakage while switching. Incor- placgable. Rideson indicetor arm. Power- 
two high, or two low operating points. _porates matching of set point to output. ful SERVOMATIC drive eliminates effects 
Microswitch on left, air valve on right. Similar lever for Cascade-Set switch. of friction and changing ink supply. 
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Taylor TRANSCOPE* Controller 
is last word in 


Pneumatic Process Control ! 


The TRANSCOPE Controller recently announced, and 
the TRANSCOPE Recorder, described on the preced- 
ing three pages, are companion instruments. Together 
they give you new standards of process control per- 
formance ... unprecedented accuracy and adaptability. 
Check these features: 

Outstanding performance because it’s especially suited 
for short spans of measurement. . . ideal for time con- 
stants of modern processing. It’s exceptionally fast 
and responsive to adjustments, vital on start-ups. Ad- 
justments stay put because precision manufacture of 
gain, reset and PRE-ACT* units permits predetermined 
mathematical settings. 


Exceptional adaptability to changes in process require- 
ments because components are completely interchange- 
able ...in the field... in minutes. Instrument action is 
reversed by merely rotating a dial. It plugs into the 
TRANSCOPE Recorder or a locally mounted manifold. 


Simple maintenance because it’s easy to understand, 
easy to get at. Rugged bellows assembly, keyed in 
place, moves the dynamically balanced force plate; 
friction-free bending member never needs mainte- 
nance. Assemblies are of rugged, die-cast aluminum. 
Stainless steel nozzle and baffle are easily accessible; 
reaction members of hardened stainless steel. Ball 
bearing construction gives easy screw-driver align- 
ment. Integral cut-off relay is a built-in feature. 


Ask your Taylor Field Engineer, or write for Bulletin 
98278. Taylor Instrument Companies, Rochester, N.Y., 
and Toronto, Ontario. 


Fan 





Laylor Lnstruments 


—-_. MEAN 
ACCURACY, F/RST 








VISION - INGENUITY - DEPENDABILITY 


& 


JANUARY 1958 


Modern 
Process 
Control 





rev 
DAVIS GAS ALARM 
SAY 


|fo}] more! shalelele)el-m- ta —r-| 


faalelaincelaiale: 


e low cost 

e high 
sensitivity 

e minimum 
maintenance 


Utilizing a highly sensitive thermo- 
couple-type catalytic filament, the 
new Davis Gas Alarm system 
provides the ultimate in dependa- 
ble, full-time area monitoring. 
Design simplicity keeps initial cost 
low and practically eliminates 
maintenance. Electrically ‘‘fail- 
safe’’ circuitry and signals may be 
checked out at any time by means 
of a push button. 


WRITE FOR 
BULLETIN 11-30 


.. get full facts on why 
the Davis Gas Alarm 
System offers a better 
solution to your gas 
monitoring problems. 


A Division of Davis Emergency Equipment Co., Inc. 


265 Halleck Street Newark 4,N. J. 
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Bigger and Better Than Ever 


All signs indicate that 1958 will be the biggest year yet 
for the instrumentation and automatic control field. In the 
military sphere, new missile and space-vehicle control prob- 
lems are being encountered and solved daily (see p. 99 of 
this issue), while industrially, new techniques and equip- 
ment are beginning to reach the plant. 1958 will also be 
a year of decision; more and more numerically-controlled 
machine tools are reaching the shop (see p. 61 and p. ¢ 
and the first process control computers are starting their 
plant trials. (see p. 44). Keep your eyes on Conrrou 
E NGINEERING for latest theory and practice in these areas. 


In Answer to Requests 


Almost since we started publication, new subscribers to 
ContROL ENGINEERING have been requesting copies of 
back issues so that they could have complete sets for their 
libraries. Where possible these requests have been ful- 
filled, but in many instances all avait ible copies of each 
issue were distributed shortly after publication. ‘To satisfy 
these continuing demands, Contrrot ENGINEERING re- 
cently signed an agreement with the Johnson Reprint 
Corp., 1 Fifth Ave., New York 3, N. Y., permitting them 
to reprint the editorial material from Vol. I (pilot issue 
and September through December 1954) and Vol. II 
(January through December 1955). ‘These will be avail- 
able from Johnson in the near future. 


A Disciple Goes Afield 


As though he isn’t busy enough as Editor of Conrrot 
E;NGINEERING and as active participant in a variety of tech- 
nical societies, Bill Vannah has taken on the responsibility 
of co-editorship (with Dr. John R. Ragazzini of Columbia 
University) of the McGraw-Hill Book: Co.’s new Control 
Svstems Engineering Series. ‘This gives Bill one more 
chance to farther spread the word on the “systems engi- 
neering” approach, with which he has imbued Conrrot 
ENCINE ERING. ‘lo date two books have been published 
in the series and five more are on the press. 


Derek—Here and Gone 


With the initial intent of further familiarizing himself 
with magazine procedures and the status of the control 
engineering technology in this country, European Editor 
Derek Barlow recently spent two and a half months over 
here. But it turned out that a good portion of Derek’s time 
was spent acquainting us with control engineering in 
Europe. Apparently, re. reports on British 
control have opened the eyes of U. S. industry. 
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Specifications never tell the complete story. 
Quality, for example, is not included, because it cannot be measured, only evaluated. 
Quality is made of many things the engineer’s approach to the design problem 
and how well he solves it . . . the workmanship that translates his thoughts into reality 
. .. the care and individual consideration given each product during calibration to 
assure exceptional performance... 

Adherence to these principles requires that all concerned with the 
instrument’s creation be dedicated to Quality — the intangible specification 
which at General Radio guarantees that every instrument is built to last. Since 
1915, the General Radio trademark has been a hallmark in the electronics 
industry. Behind it stands a company that has consistently produced the 
finest in electronic test equipment; a firm where Quality began as a 
principle, and has become a tradition. 


275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. 


Broad Avenue at Linden, Ridgefield, N. J. NEW YORK AREA 1000 N. Seward St. LOS ANGELES 38 
8055 13th St. Silver Spring, Md. WASHINGTON, D. C. 1150 York Road, Abington, Pa. PHILADELPHIA 


1182 Los Altos Ave., Los Altos, Calif. SAN FRANCISCO 6605 W. North Ave., Oak Park, Ill. CHICAGO 
in CANADA; 99 Floral Parkway, TORONTO 15 





I Here’s the EASY Way i | 
Ito Work Up A Nyquist, & 
A Bode, A Nichols {| 


If you’re working on servosystem 
test or design, you'll want to have 
these FREE chart forms...a 
wonderful time-saver! The coor- 
dinates are already lettered and 
the legend imprinted. They are 
transparent “masters”. Almost 
any duplicator assures you of an | 
immediate supply of charts at 
any time. 

When you get the frequency, 
phase angle, and amplitude loci 
plotted on these worksheets, j 
you've got a “standardized” per- 
manent record of the system you 
are checking. 

The Complex Plane Conver- 
sion Chart, Worksheet +104, | 
should be particularly helpful. 
On it are plotted the loci of con- 
stant closed-loop gain (in units 
of voltage ratio) on the horizon- 
tally axial circles, and the con- | 
stant-loop phase (in degrees) on 
the vertically axial circles. These \ 
loci are plotted over Cartesian 
coordinates, the ordinate of which 
represents the unreal, and the | 
abscissa the real, component of 
the gain vector. i 

Suggestions for an uniform 
procedure in working up the dif- 
ferent curves are included. 


I = a fe) 
| CORPORATION 
OF AMERICA 


a SS A A I A Ae RE IO 


20-20 Jericho Turnpike, New Hyde Park, L.1., N.Y. 


For your free SERVO Work Forms, call 

your nearest Servo Corporation represen- 

tative, or write directly to Servo Corpo 

ration of America, Inc., Room 1D, New 
i Hyde Park, New York. 
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FEEDBACK 


PROBLEM FORUM 


Here is a problem in the measurement and control of 
industrial waste liquid treatment. One of our consulting 
editors has furnished a solution. If you have a better solu- 
tion, submit it for publication in this column. 

Perhaps you have some other problem in specification, 
application, or operational test. Send it in. We will find 
a workable answer and, with your permission, will publish 
it in this column so that other readers of the magazine can 


take a crack at it. 
earn cash awards. 


Problem 


lo tHe Eprror— 


We a problem in an un- 
touched area of instrumentation which 
we are anxious to have solved. In our 
specialty of designing plants for the 
treatment of liquid industrial wastes, 
we must provide means for analysis 
of final effluents to meet state and 
city requirements. For some of these 
requirements the analytical work is 
not difficult or tedious, but in deter- 
mining whether a waste containing 
cyanide or chromium has been prop- 
erly treated, the laboratory test in- 
volves a matter of hours. During this 
laboratory work the treated waste must 
be stored until we have the answer. 
In a large plant this storage involves 
considerable cost. 

What we are hoping to find is a 
modern unit or collection of instru- 
ments that will give us a reading of 
cyanide or chromium in a period of a 
few minutes. Whatever you can offer 
will be highly appreciated. 

E. B. Besseliey re 
K & H Engineering Co. 
Toledo, Ohio 


have 


A Solution 


lo THE Epiror— 

The following information may be 
helpful in connection with the prob- 
lem referred to in the letter which 
was written to you by E. B. Bes- 
selievre, manager of the Industrial 


We get stapled to the wall 


lo THE Epiror— 

Your editorial, “Prepare Now for 
the Technician Gap”, is stapled to 
our college office bulletin board. 

One month ago we opened here in 
Lansing a community college. With 
the needs of the nation and the com- 


All published problems and answers 


Wastes Div. of K & 
Co. 

\ rapid colorimetry test traces 
of ‘cyanides in water is given b 
Robbie, W. A., in Archives of Bio- 
chemistry, 5, 49-58 (1944 The 
analysis involves the reaction of cya- 
nides with phenol phthalin in alkaline 
solution in the presence of c 
fate catalyst to form phenolpl 
Che intensity of the pink color de- 
veloped in the solution is a measure 
of the cyanide concentration of the 
solution. A continuous miniature 
chemical plant analyzer was built us 
ing this principle. The reagents were 
added by metering pumps. The colo: 
was measured by a continuous color- 
imeter. The unit was used to measure 
trace quantities of cyanides in an in- 
dustrial waste stream. 

Cyanides can be removed by treat 
ig the waste water with chlorine to 
oxidize the cyanides to harmless com- 
pounds 
cess chlorine to assure complete oxi- 
dation can be determined by 
(reduction-oxidation potential 
urement. 

We have no data on 
termination. Several colorimetric 
methods for laboratory use exist. One 
of them may be unstable for use in 
a “miniature chemical 
analyzers. 
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The presence of enough ex 


redox 
meas- 
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plant” type 


Johnst mn Jr 
E. I. du Pont de Nemours & Co., Inc 
Wilmington, Del. 


munity in mind the designers of this 
college determined that it would offer 
training in three fields: electrical, civil 
and mechanical fengineering]. I have 
assumed responsibility for the first 
technology—electrical. In writing the 
courses of study; in selecting the texts, 
supplementary material, and lab 
manuals; in designing and equipping 





AC 
dc 


Swartwout pioneered electronic process con- 
trol. It was evident that fully electronic con- 
trol . . . with no signal lags, no dead bands, 
with infinite resolution in place of step changes 

. would offer the ultimate in process op- 
eration. 


Swartwout’s position was unique. As the 
first company, it had a clear field. The origi- 
nal research and development was free to 
select, test and determine the ideal circuit 
from countless combinations wht” ~_re ex- 
plored. Both AC and DC systems were built 
and tested. 


One combination emerged which _incor- 
porated the best characteristics for the con- 
trol job: AC for the transmitter or sensor 
circuit because of its greater stability under 
high gains, the dependability of components, 
the trouble-free characteristics of the trans- 
mitter and the ease of explosion-proofing; 
then DC from the controller to the final ele- 
ment actuator. 


The series of patents issued to Swartwout 
are evidence of the originality of concept and 
of real contributions to the art. 


Pioneering has its difficulties, but it has one 
overwhelming advantage over the late comers; 
it is unrestricted, it offers free choice 
nothing desirable is locked out. 


And this “best of everything” in concept is 
offered to you in the most practical design of 
the instrument itself. 


You are years ahead with AutroniC Control 


and you'll stay ahead with Swartwout 
leadership. 








THE 


CLEVELAND 12, OH 
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...Or the BEST of everything 
in process control 


SWARTWOUT COMPANY 
18511 EUCLID AVENUE, 
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ADVANCE 


HIGH PRECISION 
SUBMINIATURE RELAY 


buy - ely : 


/ 


... crystal can size > 


Advance's MV rates superior to other 
high performance relays, yet is less 
than an inch long and weighs less 


rating of 100,000 operations minimum 
at rated load. This relay is in produc- 
tion now and prompt delivery is es- 


than half an ounce. It meets military 
specifications and is designed for 
continuous use in the -65°C to 125°C 


temperature range. The MV has a life 
Available from stock ot leading distributors all over the country 


SPECIFICATIONS 








10 to 34 cycles per second at maximum 
excursions of .04‘‘—34 to 2000 CPS 20G‘s 
acceleration 
50G's for 11 milliseconds 
100,000 operations 
current 
AMBIENT TEMPERATURE RANGE. . -65°C to 125°C 
DUTY 
OPERATING POWER 
CONTACT ARRANGEMENT 
CONTACT RATING 
CONTACT MATERIAL 
CONTACT RESISTANCE 
OPERATING TIME 
RELEASE TIME 
ALTITUDE 


minimum at rated 


Continuous 

Nominal 1.2 watts ot ambient temperature 
DPDT (2 Form C) 

2 amps resistive at 32VDC or 115VAC 
Silver-Magnesium-Nickel, Gold-plated 


5 milliseconds maximum at nominal power 
5 milliseconds maximum 
Voltage breakdown of relay is 1000 volts 
AC at sea level—450 voits AC to 70,000 
feet 
1000 volts RMS 
100 megohms minimum at 125° C 
.-.30, 120, 600, 1000, 2500, 5000, 10,000 

ohms; others available 
0.875 high x .797 wide x 
moximum 
0.45 ounces (maximum) 

-+++Angle bracket (as shown), strap bracket 
or plug-in 
Solder-hook (as shown), or plug-in 


.359 thick 


WEIGHT 
MOUNTING ARRANGEMENT 


TERMINAL ARRANGEMENT 
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SiS” ) ADVANCE RELAYS 








A DEPARTMENT OF ELGIN NATIONAL WATCH COMPANY 
ELGIN, ILLINOIS AND BURBANK, CALIFORNIA 
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the electrical and electronic 
tories, | have leaned heavily 
Graw-Hill publications. 

1 am more than fully aware of the 
fact that our economy is suffering be 
cause of the shortage of technicians; | 
know that we are lagging severely in 
our technological with the 
U.S.S.R. (my daughter just entered 
my “den” and told me about the 
Russian launching of the second satel 
lite); I have been a reader of the 
books written, and translated from 
Russian, by Counts of Columbia Uni 
versity. 


race 


Harry R. Wilson 
Lansing Community College 


Lansing, Mich. 


Suggests convention on training 


lo THE Eprror 

You certainly are to be congratu 
lated for hitting the nail on the head, 
at least as far as foresight and evalua 
tion of future problems are concerned. 
I refer to your editorial in the No 
vember issue of Conrrot ENGINEER 
ING, entitled: “Prepare Now for the 
lechnician Gap”. 

If 1 may do a bit of prognostication 
myself, I will say that nothing you, 
nor the FIER, nor anyone else can do 
will ward off the coming shortage of 
technicians unless one of tw 
tions change. These are 

1. The colleges must turn out more 
engineers who can 
as technicians, or, 

People who influence 
ment (like editors of 
highly regarded and deeply respected 
magazines) must modify their stand 
ards (in a logical direction) as to what 
constitutes a “qualified” technician 

Assuming the situation is as despet 
ate as I have outlined, the cause is still 
not lost. The solution seems to me to 
lie in setting forth realistic and hon 
estly conceived standards for techni 
cians of a certain level, and in then 
establishing a recognizable status fot 
technicians at and above that level. 

How do you set up such standards? 
It isn’t as difficult as it As 
things are now, virtually everyone 
connected with the field undertakes 
to set up his own standards, more o1 
less arbitrarily. A formalized effort 
would hardly be any worse than the 
present haphazard state of things. 

Why not call a nation-wide conven 
tion of representatives of schools who 
hope to provide facilities for training 
technicians), companies (who plan to 
hire them), and societies of engineers 


condi 


(and will Serve 


manage 


well-known, 


sounds. 





Industrial Electronics’ DY NA-MYKE Model 129-E 


High-Speed, Precision, Dynamic Measurement 


DYNA-M~*~™ is a high speed, precision, dynamic carrier 
amplifier micrometer. It supplies a complete measurement 
and control system for linear variable differential transformers 
and strain gages. Displacements as small as plus or minus 
one micro-inch at frequencies as high as 1000 cps can be 
detected and indicated. DYNA-MYKE carrier system 
energizes the transformers or strain gages at 8000 cps. 
Provision is made for balancing the carrier to mid-zero 
position on the meter. The modulated carrier may be fed 
into an oscilloscope; the demodulated signal into an indicator, 
recorder, relay, servo valve or servo-motor. The system of 
measurement is universal. Basic engineering phenomena such 
as force, torque, strain, vibration, acceleration, temperature, 
pressure, and displacement may be indicated and recorded, or 
used as a control function for high-speed automated appli- 
cations.* 

DYNA-MYKE is designed for use with commercially 
available pickups for measuring pressure, displacement, 
vibration and acceleration using linear variable differential 
transformers, strain gages, and inductive or resistive bridges 
as transducers. Custom pickups are designed and con- 
structed by Industrial Electronics, Inc. 

The light-weight, packaged unit is enclosed in an attractive, 
durable cast aluminum case. 

*Ruggedized modular plug-in carrier systems conforming to Dyna-Myke 


specifications are also available for industrial plant installations. Write for 


information on company letterhead. 


A complete system for linear 
variable differential transformers 
and strain gages 


@ Single Unit Control System for LVDT’s 
and Strain Gages 


Direct Reading of Static Displacements 


Provision for Dynamic Recording 


High-Speed Gaging and Control 


# 
® 
@ High Level, Low Impedance DC Output 
a 
° 


Universal System of Measurement 


Using Schaevitz 100ML LVDT: 2MV/V/.001 inch gage constant. 
5 Ranges of Measurement 0.00001 inch to + 0.1 inch full scale 
Sensitivity, Maximum—0.0000005 inch per meter division 

System Frequency Response—DC to 1000 cps (down 3 db at 
1500 cps.) 

Carrier Frequency—8 kc, + 2% 

Carrier Voltage—Max 24 volts RMS, 20 volts RMS in 1000 chms. 

Maximum Gain, Overall 150,000 (RMS input to DC output 

Zero Drift, Maximum— + 1% per hour after warmup 

Instrument Stability— + 2% 


Repeatability of Measurement (Short time)— + 0.5% or better 


Output Current, Maximum Linear— + 12 ma. in 1,500 ohms 
Output Current, Maximum ungrounded— + 35 ma. in 25 ohms 
Output Impedance —450 ohms 

Output Voltage, maximum (no load) 
Power—105 watts, 90-130 volts, 60 cps 
Weight—22 Ibs. 

Dimensions—12'/ x 10 x 7'/2 inches 


25 volts 


Calibration Signal Independent of Transducer Is Inter- 
nally Provided. 


i+ 
BALANCE BOX 
Model 204 


ACCELEROMETER 
Model 5-B 


> Industrial Electronics, | nc. 


"Custom builders of Electronic Equipment since 1943” 


8060 Wheeler Street + Detroit 10, Michigan 
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GAGE HEAD 
Model 194 


PRESSURE PICKUP 
Model 125-M 











SUBMinax 


RF CONNECTORS 















































































































































plug cross-section shows 
how center contact 
is secured 















Miniature field serviceable 50 ohm Subminax RF connectors have been 
added to AMPHENOL’s line of Subminax components. With parts kept to 
absolute minimum, and requiring no special tools for assembly, these 
new Subminax connectors represent an improved design approach in 
two wavs: 





























1. Superior cable retention through improved cable clamp 
mechanism. 














2. Center contact is strongly secured, prevents possible contact 
movement. 














The field serviceable connectors, in other ways, are similar to AMPHENOL’s 
standard Subminax connectors: Constant impedance, small and light- 
weight, electro-gold finish and Teflon dielectrics. The new connectors 
will also mate with the 50 ohm types in the standard line. 

Plugs, jacks, bulkhead jacks and right angle plugs are available in 
screw-on and push-on coupling designs. For complete part numbering 
and assembly instructions, send for catalog sheet. 
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AMPHENOL Industrial Distributors carry stocks of stand- 

ard AMPHENOL components in order to provide immediate 

service to your rush requirements. 

AMPHENOL ELECTRONICS CORPORATION 
chicago 50, illinois 

AMPHENOL CANADA LIMITED 















toronto 9, ontario 
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(who will work with them)? Let that 
convention discuss the problem and 
set up the standards. With this ac 
complished, schools can then proceed 
to invest money in setting up adequate 
training programs because they will 
know their graduates will be accepted 
by industry and by engineering socic 
ties. ‘l'rainees will be more ready to 
invest money and time in taking the 
training because they will feel that 
in doing so they will be earning a 
status that will be recognized. Indus 
trv will be more ready to recognize 
and hire the trainees because they will 
have had a voice in setting up the 
standards of the training and will have 
more confidence in the abilities of 
the trainees. 

But just one word of warning. Let’s 
not expect the technician to have 
studied mathematics through calculus. 
If a technician must study at a college 
level, he may as well spend his time 
and money in a college, and reap the 
benefits of a college diploma. On the 
other hand, let’s not settle for a level 
of training that is little more than no 
training at all. Thus, we need stand 
ards—standards which will be recog 
nized and accepted—and we need a 
meeting of the minds to set them up 

In this manner we can achieve the 
objectives outlined in vour editorial 
“Prepare Now for the 
Gap”. 


lechnician 


A. G. Hathaway 
United Electronics Labs 


Louisville, Ky 


Your suggestion of a nation-wide 
convention of schools, companies, and 
engineering societies to set standards 
for technician training carries the en- 
dorsement of CtE’s editorial staff. The 
executive director of the Foundation 
for Instrumentation Education & Re- 
search is interested in how the me- 
chanics of such a convention would 
work out. While he agrees with your 
proposal, he doesn’t agree with your 
denial of the need for training in cal- 
culus: 


Dear Mr. HatrHaway 


While I agree with your general 
thought that we indeed face an alarm- 
ing shortage of technicians unless a 
national effort is made to establish 
standards of “qualification” for such 
people, I take issue with your conten- 
tion that the technician need not 
“to have studied mathematics through 
calculus’’, 

Calculus is a tool needed by the 
man who is to aid the designer of con- 
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Input-output unit 


The Importance of 
DIGITAL TECHNIQUES 


Digital techniques constitute one of the important devel- 
opments which have made possible the recent advances in 
computers and related equipment for computation, data 
processing, and industrial and military electronic control. 

Digital computers for scientific computation range from 
small specialized units costing a few thousand dollars, to 
large general-purpose computers costing over a million 
dollars. One of these large computers is a part of the Ramo- 
Wooldridge Computing Center, and a second such unit is 
being installed early this year. 

Electronic data processing for business and industry is 
rapidly growing based on earlier developments in electronic 
computers. Data processors have much in common with 
computers, including the utilization of digital techniques. A 
closely related field is that of industrial process control. To 
meet the needs in this field, Ramo-Wooldridge has recently 
put on the market the RW-300 Digital Control Computer. 

The use of digital techniques in military control systems 
is an accomplished fact. Modern interceptor aircraft, for 
example, use digital fire control systems. A number of Ramo- 


Wooldridge scientists and engineers have pioneered in this 
field, and the photograph above shows the RW-30 Airborne 
Digital Computer. 

The RW-30 is an example of what can be accomplished 
through the application of digital techniques in conjunction 
with modern semiconductor components. It performs com- 
plete mathematical operations, including multiplications, at 
the rate of 4000 per second (as fast as large scientific com- 
puters). Yet it occupies only 4.19 cubic feet, weighs 203 
pounds and uses 400 watts power. It is packaged in four 
separate units to facilitate installation in aircraft. The mag- 
netic drum memory has a capacity of 2607 21-bit words. 

The versatility inherent in digital techniques makes it pos- 
sible for the RW-30 to handle such varied military aircraft 
problems as navigation, armament control and bombing, and 
combinations of these problems, without changes in the 
RW-30 itself. 

The RW-30 also serves to illustrat 
tion of systems analysis and product e? 
principal objective at Ramo-Woold 


are in progress on other airborne and ¢ 


lanced integra- 

which is a 

programs 
iC ¢ ontrol SyS- 
tems, communication and navigation systems, and electronic 
instrumentation and test equipment. Engineers and scientists 
are invited to explore openings in these fields at Ramo- 
Wooldridge. 


The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET ¢ 


LOS ANGELES 45, CALIFORNIA 
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The New 
BRYANT MAGNETIC 
STORAGE 
DRUM 


mr- tale MAVAsi a—t- hel i-e 


The new 512A Bryant general purpose magnetic storage drum 
is built to meet the exacting requirements of all permanent storage 
problems, yet is versatile enough to be used as a laboratory in- 
strument. It is the result of 25 years’ experience in designing and 
producing high-speed precision spindles. These standard 5” dia. x 
12” long drums are stocked for immediate shipment at a price 
that reflects quantity manufacture, far below the cost of customer- 
designed drums. 


Features: 
e Guaranteed accuracy of drum run-out, .00010” T. 1. R. or less. 
e Integral motor drive—Bryant precision motor 
e Capacities to 625,000 bits 
Speeds up to 12,000 R. P. M. 
500 kilocycle drum operation possible 
Accommodates up to 240 magnetic read/record heads 
Provides for re-circulating registers as well as general storage 
High density ground magnetic oxide coating 
Super-precision ball bearing suspension 
Vertical mounting for trouble-free operation 


Write for complete details on the new No. 512A 


BRYANT GAGE and SPINDLE DIVISION 


P. O. Box 620-L, Springfield, Vermont, U.S.A. 
DIVISION OF BRYANT CHUCKING GRINDER CO. 
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trol systems and who is expected to 
install and service such systems. ‘The 
technician is often called upon to 
work at a level that may be considered 
by many as “college level.” It is our 
feeling that much of this level of 
training can be developed by techni 
cians in two-year  post-high-school 
formal courses. 

L. E. Slater 

Executive Director, FIER 


Information please 


lo tHE Epiror— 

The article on “Photometric Stream 
Analyzers”, by Mr. Leo G. Glasser, 
which appeared in the October 1957 
issue of ConTROL ENGINEERING, was 
of considerable interest to us. 

We would like to contact some of 
the manufacturers of the instruments 
cited in this article: 

1. Consolidated Electrodynamics 
Corp. 

2. Axler Associates, Inc. 

3. Hallikainen Instruments 

+. Kaye Spectrostat. 

C. J]. Schmid 
The Dow Chemical Co. 
Madison, IIl 


Author furnishes it 


Mr. C. J. Scumip 
In reply to your Nov. 1 letter to the 
editor of CONTROL ENGINEERING, here 
are the addresses you requested 
1. 300 North Sierra Madre Villa 
Pasadena, Calif 
2. 102-42 43rd Ave 
Corona 68, L. I., N. ¥ 
1341 Seventh St. 
Berkeley, Calif. 
Kaye Development Co., Now 
The Perkin-Elmer Corp 
Norwalk, Conn. 
L. G. Glasser 
EF. I. du Pont de Nemours 
é& Co., Inc. 
Wilmington, Del 


Where can | buy one? 


lo THE EpIToR 

Please furnish information regard 
ing U. S. representatives for the Solar- 
tron “TFA” (transfer function ana 
lyzer) mentioned in What's New, 
page 46 of the November 57 issue. 
H. W. Holmerud 
Convair 
Pomona, Calif 
Close by. The U. S. outlet for the 
“TFA” is Solartron, Inc., Western 
Div., 10761 Burbank Blvd., North 

Hollywood, Calif. Ed. 





» Look to Lhinntr in 58 


for NEW answers to your control “puzzles” 


Coming soon — several completely new solenoid 
valve lines loaded with such features as... 


@ Lower prices 

@ Greater capacities @ Higher pressures 
®@ Long life expectancy—millions of cycles 
@ Diversified applications 

@ Wide selection of media handling 


And these are but a few of the many new advantages 
of Skinner’s new solenoid valves. As always, of 
course, they'll be strictly manufactured to Skinner’s 


Most important, these new valves will give you highest-quality engineering standards. 


performance and applications that heretofore have apror ; 
rie Look for the announcements of Skinner’s new 
not been possible ! ; tae 
valve lines in these pages throughout 1958. For 
advance information, write Dept. 341. 





Simplest installation — orifice 
flange tap connections at standard 
spacing, are provided at both ends. 
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Over 


60,000 


now in use! 





No zero drift . . . positive overrange pro- 
tection .. . high sustained accuracy even 
under the most punishing operating con- 
ditions. No wonder over 60,000 Foxboro 
d/p Cell Transmitters have been installed 
since they were introduced in 1948. 

By introducing the modern concept of high 






Drain and vent holes at lowest and 
highest points on both sides. 







d/p CELL 


unequaled — 


i 5 
é 


ye ere fateh GB eS 
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Purged cover protects transmitter 
from weather, dust, and fumes. 


speed flow measurement and control, these 
differential pressure transmitters have 
revolutionized many an industrial process. 
Bulletin 13-11A shows how — and portrays 
the benefits the d/p Cell Transmitter offers 
you. Write The Foxboro Company, 361 
Norfolk St., Foxboro, Mass., U.S.A. 


OX BOR 


REG. U.S. PAT. OFF. 


FIRST in Flow Measurement and Control 















FLOW TRANSMITTERS... 


in accuracy, stability and performance 





FoxBoRO| 





j 


(ut 


o 


All-metal construction; body of 316 
stainless or rustproofed carbon 
steel. New self-damping. stainless 
steel measuring element. 


Fully adjustable ranges: from 0-20” 
to 0-250": and 0-200" to 0-850" 
water differential. Calibrated ac- 4 
curacy +12.%. “ 
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Now... printed circuit component mounting 
SECURELY ~—~ RAPIOCY 


The A-MP Component Tip provides these new advan- 
tages to manufacturers using printed circuit techniques: 


eliminates the need for eyelets or thru-plating on two-sided boards 
prevents cold solder problems by eliminating any movement of 
the component during dipping cycle 

permits bridging or offsetting of components—for air circulation 
and elimination of temperature influence 

design promotes solder-wicking and uniform solder deposit 
protects fine semi-conductor leads from heat and assembly damage 


AMP-engineered, high-speed, automatic tipping machines provide 
an easy and economical method for applying A-MP Component Tips 
to leads of single-piece or belted components. 


Additional Information is availabie on request. 


GENERAL OFFICES: 


3240 Eisenhower Boulevard, Harrisburg, Pa. 

Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada 
Aircraft-Marine Products (Great Britain) Ltd., London, England « Societe AMP de 
France, Le Pre St. Gervais, Seine, France ¢ AMP-Holland N. V.’s-Hertogenbosch, Holland 
Distributor in Japan: Oriental Terminal Products Co., Lid., Tokyo, Japan 





| A.C.HALL “flies” 


Last spring, Bendix Aircraft Co., once known only 
as a component supplier to the aircraft industry, 
put the finishing touches to a numerical control sys- 
tem for a continuous milling profiler, shipped it off 
to The Martin Co. It was the first of many such 
systems the company is building for machine tools. 
Ihe key man behind the design of these controls is 
soft-spoken Dr. Albert C. Hall, general manager of 
the Research Div. As an ex-MIT associate professor, 
Hall had pioneered in aircraft flight control. Like 
his company, he, too, had to make the jump in think 
ing from aircraft to machine tools. 

Primarily interested in flight control, Hall found 
himself in the machine tool control field almost by 
accident. About three years ago, one of Bendix’s 
operating divisions mired down fashioning a variety 
of complex cams for fuel controls in jet engines. 
Lead time ran 12 weeks between order and produc 
tion because it was necessary to fashion a template 
to guide the cam miller. After studying the prob 
lem, Hall felt that this was a possible application 
for numerical control. He and his staff came up 
with a punched-tape control that cut lead time to 
two days. ‘The successful project led to the develop 
ment of the automatic control system for the Kear- 
ney & ‘irecker profile axis milling machine (CtK, 
June °57. p. 31). 

The 43-year-old Hall continually points out to his 
team (he credits a team effort for Bendix’s rise in 
the field) the importance of exercising care with 
details before a control system is ready for quantity 
production. ‘The approach has paid off for Bendix. 
Since Hall joined the company as head of research 
in 1950, Bendix’s sales volume in control has 
doubled, research effort has increased ten-fold. In 
1950, research occupied a crowded 24,000-sq-ft labo 
ratory in downtown Detroit. There were 160 
people on its staff. ‘Today Hall’s team is 500 strong, 
occupies a new suburban lab with five tim.3 the 
space of the original. 

As a manager, Hall misses his laboratory bench. 
For prior to joining Bendix, he was first and fore 
most a practicing scientist. After earning his engi 
neering degree at ‘Texas A&M, ‘Texan Hall headed 
across the country to MIT’ for post-graduate work. 
For his doctorate, he planned a discourse on a new 
method of measuring the mass of an electron. But 
World War II and the establishment of MI'T’s 
pioneering Dynamic Analysis & Control Laboratory 
intervened, and he revised plans. His 1943 thesis is 
generally recognized as the first scientific approach 
to automatic control. 

In 1942, he started work on the Navy's “Bat”, a 
project to develop a crude missile. Before he joined 
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machine tools 


the project, controls were being designed on a trial 
and error basis. Hall changed the approach. H¢ 
designed the flight-control system using simulators 
It was their first known application in this field 

But perhaps more important, Hall evolved a con 
trol philosophy that he carried along to Bendix. In 
his own words, “The first step is to analyze the 
system, by means of mathematics and simulators 
sufficiently well to predict what it will do before 
actual flight.” Al Hall also applied his philosophy t 
the war-time development of the first practical con 
trol system for air-and-ship-borne tracking rada1 
After the war he stayed on at MIT, teaching and 
doing consulting work. 

His service on the faculty of MIT | left 
with a deep interest in control engineering educa 
tion. He’s watched it grow from 
specialized area to a career field. In opinion 
the nation’s technical schools now give young 
neers an excellent theoretical background in 
with perhaps some over-emphasis on theor 

“T have never yet seen a graduate who appre 
the care and detail involved before a coi 
1S ready for quantity produc tion, 
cating that his remark is meant t 
controls for aircraft or numerical co1 
tools. “He is too interested in the 
whereas it is the reduction of ba 
that counts. He has to learn tl 
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he most complete line 


TRANSISTORIZED | of POWER SUPPLIES 


V. R. P. s.* 


REGULATION (for line or load) 0.03% 

or 0.003 Volts (whichever is greater) Output 

RIPPLE 3 mv. rms — 
Output | Output . 


RECOVERY TIME 50 microseconds Volts | Amps 


STABILITY (for 8 hours) 0.03% or 0.003 s¢-32.0.5 | 032 |005|002| 02 |19"| 3%”| 11" 
Voits (whichever is greater) 0-32 | 0- 1 |19” “? i 


$0-32.15 | 0-32 [015 ]0.01| 01 [19" | 3%” | 11” 








0.005% resolution with 10 turn 2SC-32-1.5 | 0-32 PS ee 
voltage control. DUAL OUTPUT | 0-32 | 0-1.5 | 0. 

Continuously variably output voltage 0-32 | 0-25 {0.01 | Tig” | 3%” | 11” 
without switching. 32- 10-32 105 |o. 19” | 5%” | 13” 
External overload and short circuit 32-10 | 0-32 | 
protection included. 32-15 | 0-32 
Either positive or negative 28C-10002 | 0-100 | 
can be grounded. puat output | 9.100 
Units can be series connected. 

Suitable for square wave pulsed loading. _SC-150-1 | 0-150 | 
Power requirements: 105-125 volts, SC-300-1 0-300 
50-400 cycle. 

Terminations on front and rear of unit. 

High efficiency. 

Low heat dissipation. . x 

Compact, light weight. ~~ LABORATORIES, INC. 


Color: grey hammer tone. via at 131-38 SANFORD AVENUE © FLUSHING 55, N.Y 
Suitable for bench or rack use. - 


Voltmeter and ammeter provided. 
































INDEPENDENCE 1-7000 


KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED POWER 
SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TRANSISTOR AND TUBE 
TYPES. MOST MODELS AVAILABLE FROM STOCK. SEND FOR BROCHURE B-581 


Model 
$C-32-0.5 
S$C-32-1 
S$C-32-1.5 
S$C-32-2.5 
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WHAT’S NEW 


interkama 
Spotlights 
German 
Control 


Sole exhibitor from behind the Iron Curtain was Hungary with this test equip- 
ment display. Although alone, the Hungarians looked aggressively for business 


To the gateway of the Ruhr at dustry has mushroomed into a $23 
Dusseldorf in November, 85,000 million per year business. But Dr 
visitors drawn from 65 foreign coun- Heinz Pietzsch, chairman of Inter 
tries traveled for a first-hand view of kama’s organizing committee, pre 
the startling progress that German dicts a leveling off in the next few 
industry has made in measurement years. He sees a slower rate of growth 
and control since 1945. The event: with exports of equipment remaining 
Interkama—the International Congress it their present high of approximately 
& Exhibition of Measuring Instru +0 percent of the total output 
ments & Automation. The picture This leveling-off could be upset by 
tremendous growth businesswise with the West German defense effort 
technical achievement hard on _ the scheduled to start in 1958. If Defense 
heels of U.S. and British develop Minister Fran St rauss has his 
ments. wav, West German 


iny will participate 
Since 1945, German control in in a NATO Rand-l 


) missile program, 


Lab instrument exhibit in foreground is dwarfed by AEG’s giant electrical generation display, 
which was the biggest at the show. AEG showed off a variety of process control equipment. 


=a 
An 

& 
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Interkama‘’s symbol marked entrance to West 
Germany's first istrument and control show. 





Visitors crowd around for a close look at this 
German photoelectric counting device in action. 





The reliability of Statham trans- 
ducers is demonstrated by an expe- 
rience reported by Chance Vought 
Two Statham pressure transducers 
which had not been calibrated for 
six years were recently calibrated 
with a resulting curve that checked 
within 2% of the last calibration 


IF YOU NEED 

Linear Accelerometers 

Angular Accelerometers 

Gage Pressure Transducers 

Absolute Pressure Transducers 

Differential Pressure Transducers 
in your instrumentation 

programs, please outline your 

requirements so we may submit 

specific recommendations. 
WHEN THE NEED 


{Ss TO KNOW...FOR SURE 
SPECIFY STATHAM 
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German _ exhibi- 
tors were ready to 
“talk turkey” with 
visiting business- 
men. Sales con- 
ferences like this 
one, right on the 
floor of the show, 
were a common 
sight. 


INTERKAMA .. . 


and in that case, the green light could 
flash for a build-up in missile con 
trol systems—an area in which the 
Germans have excelled but which has 
been dormant for the past 12 years. 
Pictzsch also feels that control 
equipment imports from America and 
Britain will grow in volume when the 
Kuropean common market comes into 
operation, but that percentage-wise 
each country’s share will remain about 
1 percent of the internal 
market, which takes only 
of its goods from abroad. 
Although Interkama as a_ whole 
betraved some of the unsureness of a 
first performance (it was West Ger- 
many's first-ever automation show), 
most of the exhibits and exhibitors 
showed professional polish both in 
their demonstrations and in the coffee 
and cognac discussions with prospec- 
tive buyers (see photo above). Heading 
the international exhibits was the 
U. S., represented directly or through 
German subsidiaries by 22 firms, with 
Italy stealing second place from 
French, British, Swiss, Austrian, 
Belgian, Danish, and Dutch exhibits. 
From the other side of the Iron 
Curtain Hungary, with a 50-square- 
meter exhibit, only Com 
munist country to show its wares. 
All areas of control—machine tool, 
data logging, analysis instrumentation, 
etc.—were on display, and the problems 
in obtaining customer acceptance for 
such equipment seemed to be identical 
with those in the U.S. An exhibitor 
summed it up: “There doesn’t as 
vet seem to be a clear-cut opinion on 
the effectiveness of this equipment 
on the part of the users, who are re- 


German 
> percent 


was the 


WHAT’S NEW 


STORY STARTS ON PAGE 25 


luctant to make the necessarily heavy 
investment.” 

Rounding off a well-planned con 
gress were daily sessions covering all 
aspects of control engineering, from 
power control of boilers to digital 
measurements. 

¢ Machine tool snapshot—Early ma 
chine tool control systems in Germany 
favored the analog approach. Ex 
amples: the AEG system for the 
Heller copying milling machine, the 
Metrawatt AG (Nuremberg)  con- 
tinuous contouring system and a 
novel unit developed by Contraves AG 
of Zurich using 35-mm_ photographic 
film for data storage, with a rotating 
prism providing the optical / electrical 
conversion. 

But now German experts detect a 
definite trend toward digital tech- 
niques. These techniques have been 
included in two machines already re- 
leased—the first an automatic gage 
producing machine with digital co 
ordinate positioning produced by 
Schwartzkopff AG, Berlin 
and the a milling machine 
control system utilizing pushbutton 
data storage designed by Schiess AG 
of Dusseldorf. This unit 
transistors and cold cathode tubes 
Photo-transistors provide control sig 
nals to the counter circuits for every 
0.0004-in. (0.01-mm)_ step. 

Behind the scenes several leading 
German firms have numerical control 
systems in the development stage. De 
signers are taking full advantage of 
recent solid state achievements and 
the fully transistorized approach is 
common. One such application is in 
the programmer ,unit for automatic 
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New Micro-Miniature Transistor Family 


© xe 





shown here actual size 






+ High Beta 
*« Excellent Switch 
*« Low Saturation Voltage 


* High Voltage 


*« Outstanding Performance 


Here is a completely new family of micro-miniature 
transistors, featuring proven reliability in industrial 
control systems, miniature hearing aid amplifiers, 
computers and business machines, direct-coupled 
amplifier and switching circuits, and audio output 
for miniature radios 


Among these six new transistors will be found the 
low-cost answer to a tremendous variety of important 
transistor problems. Our engineers will be happy to 
discuss specific applications with you 


Make Philco your prime 


mation for all transi 


Write to Lansdale Tube Company, Division of 
Philco Corporation, Lansdale, Pa., Dept. CE-158 


MICRO-MINIATURE FAMILY APPLICATION DATA 


MAX 
ie a 2N207, 2N207A, 2N207B 


——Ip- 

| Ic 

max. FIGURE 
20 ma | 2 db 
2N207A 2 r | db 


2N207B 


Ig IN MILLIAMPERES 


COLLECTOR CURRENT, 


—0.1 —0.2 -—0.3 —0.4 5 —0.6 —0.7 —0.8 ‘ °N536 9 = Vv with 
COLLECTOR VOLTAGE, Vcr IN VOLTS | ‘ LO ma 


1 ma 


JI] kee mee) ire) -v Vile). 


. LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 
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For Synchros and Servomotors 
Consult Muirhead the Specialists. 


SYNCHROS 


Designation Size 


26V08CX4(B) 
26V08CT4(B) 
11CX4b 
11CT4b 
11'CDX4a 
11TR4a 
11TX4a 
FIIM-16-A 
11 RS4 
26V11CX4a 
26VIICT4b 
26VI1CDX4a 
26VIITR4a 
26VIITX4a 
FIIM-16-A 
1SCX4a 
iSCT4a 
1SCOX4a 
ISTR4a 
ISTR4b 
iSTX4a 
1STX4b 
ISTDX4a 
ISTOR4a 
ISRS4 
1SCTéa 
18CX4a 
18CT4a 
18CDX4a 
18TR4a 
18TX4a 
18TOX4a 
I8STOR4a 
18CX6a 
18CTé6a 
18CDXé6a 
18TR6a 
18TX6a 
FI8M-6-A 
23CX4a 
23CT4a 
23CDX4a 
23TR4a 
23TX4a 
23TDX4a 
23TDR4a 
23CX6a 
23CTé6a 
23CDXé6a 
23TR6a 
23TX6a 
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SERVOMOTORS in current production : 


Designation 


Mk 
Mk 
“Mk 
Mk 


Mod 
Mod 


Mod 


Mod. 0 


TACHOGENERATOR Mk 


*Low impedance control windings 


Volts 


26V 
26V 
115V 
1I5V 
1iSV 
1iSV 
1iSV 
1i5V 
26V 
26V 


1000c/s nominal 
400 


in current production : 


Frequency 


400c 
400c 
400c 
400c 
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60c 


400c 
400c 
400c 


400c 
400c 
400c 
60c 
60c 
60c 
60c 


60c 


euunnunannanuuve 


Reference Phase 


Volts 


115V 
1iSV 
115V 
115V 
115V 
1i5V 
115V 
1iSV 
115V 
115V 
115V 
115V 
115V 


115V 


Frequency 
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tWith Tachogenerator 


Function 


Control Transmitter 

Control Transformer 

Control Transmitter 

Control Transformer 

Control Differential Transmitter 
Torque Receiver 

Torque Transmitter 

Linear Variometer 

Resolver 

Control Transmitter 

Control Transformer 

Control Differential Transmitter 
Torque Receiver 

Torque Transmitter 

Linear Variometer 

Control Transmitter 

Control Transformer 

Control Differential Transmitter 
Torque Receiver 

Torque Receiver 

Torque Transmitter 

Torque Transmitter 

Torque Differential Transmitter 
Torque Differential Receiver 
Resolver 

Control Transformer 

Control Transmitter 

Control Transformer 

Control Differential Transmitter 
Torque Receiver 

Torque Transmitter 

Torque Differential Transmitter 
Torque Differential Receiver 
Control Transmitter 

Control Transformer 

Control Differential Transmitter 
Torque Receiver 

Torque Transmitter 

Resolver Transmitter 

Control Transmitter 

Control Transformer 

Control Differential Transmitter 
Torque Receiver 

Torque Transmitter 

Torque Differential Transmitter 
Torque Differential Receiver 
Control Transmitter 

Control Transformer 

Control Differential Transmitter 
Torque Receiver 

Torque Transmitter 


Control Phase 
Volts 
LISV (57-5+ 57-5) 
180V (90-90) 


400c/s 
400c's 


1ISV (57-5+57-5) 
20V (10+. 10) 


400c/s 
400c/s 


4c 
400c 


400¢ 
400c 


1ISV (S7-5+ 57-5) 


115V (57-5 57-5) 
1ISV (S7-5+-57-5) 
20V (10+ 10) 


1ISV (57-5 + 57-5) 400c 


Size 15 ~ Energisation 115V 400c's Output 3-1V/1000 r 


tMod. 0 or Mod. | shafts 


Frequency | 
! 


SYNCHROS 


A COMMERCIAL VERSION OF MANY OF THE ABOVE UNITS CAN ALSO BE SUPPLIED 
Many types are available for immediate delivery 


If you require types not listed above, do not hesitate to send us your 


enquiry 


them for you quite quickly. 


Call “MUIRHEAD the Synchro People’ 


they may be in hand— or, if not, we may be able to produce 


WHAT‘S NEW 


. . . electronic process control 
shared spotlight with analysis 


instrumentation .. . 


turbine blade milling developed by 
Brown Boveri of Switzerland for use 
on a hydraulically operated milling 
machine. Another trend reported is 
the use of punched tape rather than 
magnetic tape as the storage media. 
e Automatic data-logging — Data-log- 
ging equipment was widely displayed 
at Interkama, with many of the large 
firms like AEG, Siemens, and Hart- 
mann & Braun of Frankfurt demon- 
strating equipment for recording and 
evaluating punched-tape and card data. 
An interesting use of binary coded 
decimal printing was shown by Atlas- 
Werke AG, Bremen, in its Digito- 
graph voltmeter. This unit covers the 
voltage range from 100 microvolts to 
10 volts. The output readings are 
printed on punched tape as a digi 
tal representation of the voltage in 
four logarithmic decades. With a 
spacing between printings of 1/50 
sec, the unit is suitable for data record- 
ing up to 50 points per second. 

Another simple application was an 
additive unit for a standard desk-type 
adding machine shown by Rohde & 
Schwarz of Munich, which prints out 
electrical inputs from counters and 
other transducers as voltage steps. 

¢ Process instrumentation—Although 
there seemed to be a large amount 
of parallel development especially 
among the larger firms, each concen- 
trating on providing complete range 
of equipment including all sensors 
and accessories, process control 
progressing at a rapid rate 

For example, in little over a vear, 
according to their Chief Designer Herr 
Prebler, Hartmann & Braun have de- 
veloped a complete line of electronic 
process instrumentation. The equip 
ment has been unitized along Ameri- 
can lines to provide wide flexibility 
and easy replacement. With a very 
wide range of temperature and _pres- 
sure transmitters available, it can do 
all that U.S. electronic process equip- 
ment can do. In demonstrating the 
equipment, H&B employed a sophis- 
ticated approach typical of the prog- 
ress of German industry: the com 
pany connected their components 
with an analog computer which simu- 
lated an actual process. 


iS 


MUIRHEAD INSTRUMENTS INC., 677 Fifth Avenue, New York 22, N.Y., U.S.A. | 


MURRAY HILL 8-1633 | 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada| 


TELEPHONE 3717 
MUIRHEAD & CO. LIMITED, England 


BECKENHAM 4888 


Analysis instruments of both on-line 
and laboratory types were in abund 
ance; there were mass spectrometers 


Beckenham, by Atlas-Werke, spectrophotometers 


Kent, 
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your name 


HIGH SPEED ELECTRO. 
MECHANICAL COUNTERS 

SWITCH OR POTENTIOMETER 

OUTPUT COUNTER-TRANSMITTERS 

.«- COUNTING RATES TO 

40 PER SECOND; LIFE SPAN 

PRACTICALLY UNLIMITED... 


UNITS WILL ADD AND 
=>. 


ew | 


FUNCTION AS EXTREMELY 


. SUBTRACT; 


EFFICIENT SUMMATION 


COUNTERS ABSOLUTE 
pene 
RELIABILITY 


ASSURED BY EXCLUSIVE 


DIGITAC, DYNAMICALLY 
BALANCED INCREMENTAL 

o_ 

ACTUATOR 

INSTRUMENTATION, 
TELEMETERING...PRODUCTION, 
QUALITY & INVENTORY 

CONTROL 


AUTOMATION COMPUTING 


& BUSINESS MACHINES 


\ =a 
Ne AIRCRAFT 
e 

& MISSILE READ-OUT 


DEVICES & INDICATORS 


DIGITAC, INC. 


420 South Beve rly 
sill Jack Scientific 
Instrument Co. and 
Otto Ne meth 
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DAYSTROM INSTRUMENT WILL DESIGN AND WHAT'S NEW 
BUILD YOUR SPECIAL TEST EQUIPMENT 


. . « German fondness for 
analog techniques dominates 


We Have the Engineers and Facilities For } developments in computers... 
RESEARCH, DEVELOPMENT and PRODUCTION 
by Dr. B. Lange, and a continuous 
photometer by Sigrist & Weiss of 
Switzerland, to name only a few. 
Our highly skilled research and ‘or thickness measurements F rieseke 
development engineers are ex- & Hoepfner GmbH of Erlangen ex- 
pert in defining, executing and hibited a new radiation absorption 
overseeing test equipment proj- thickness gage. It can be used to 
ects. We My re “i measure toil thicknesses of a few 
Sen & © Spey Wee microns up to 0.1-in. steel plates. The 


ized nature for both military and eas hd eager 
commercial applications. sensitivity is such that in paper mi 


applications, variations of 1 micron 
are readily detected. 

From the Institut Dr. Foerster, 
Reutlingen, came applications of the 
Hall effect for thickness measurement 
of ferromagnetic sheets. One equip 
ment demonstrated covered the range 
0.2 mm-J.8 mm, while another meas- 
ured plate thicknesses up to S$ mm 
with a 2.5 percent accuracy. 

Of the infrared analysis instruments 
on display, the Hartmann & Braun 
Uras instrument seemed to be the 
most widely recognized. ‘This instru 
ment, put on the market in 1956, is 
an improved version of one developed 
in 1938. Using nondispersive tech 
niques, it provides full-scale deflection 
for between 50 and 200 ppm of com 
ponents in methyl and other vapors to 
an accuracy of 3 percent. Rapid- 
response characteristics allow  varia- 
tions in concentration to be indicated 
within 2 to 3 sec in flow speeds up 
to 60 liters per hour. 

«Computers, analog preferred—In 
the computer field, the German fond 
ness for analog techniques appears 
to dominate as the industry rapidly 

Add to this Daystrom's ability to | moves toward the systems approach in 
supply pilot runs to prove such de- 
signs . . . and a complete facility 
ret ae ae ~ lends itself to this type of analysis; 
MORE, the Armed Services and in- within a couple of years such methods 
dustry are turning to Daystrom In- | will be in wide use. Of the computers 
strument. shown, the Siemens _ transistorized 
model was especially developed for 
control simulation. ‘The use of func- 
tion plugs with built-in transfer char- 
acteristics of integrators and propor- 
tional controllers speeds set-up time. 

In the analog field, the Swiss firm, 
Ingenieurbuero W. Guettinger of 


DAYSTR oO Mi | Niederteufen, demonstrated that there 

| is room for a competent newcomer 

INSTR UNMENT that is able to provide tailor-made, 
medium-sized, inexpensive equipmert. 


Division of Daystrom Inc. The Swiss company displayed a uni- 
| tized, 12-amplifier, 0.3-percent-accu 
Archbaid, Pennsyivania racy machine. 


¢ Control techniques—I'rom a booth 
I | count at the exibition, it appears 
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automatic control. Historically the 
European engineering — inclination 


Consider Daystrom when you have 
test equipment requirements which 
must meet the most critical stand- 
ards. 








BELL TELEPHONE LABORATORIES 


DEVELOPS NEW COMPACT 
COMPUTER FOR 
U.S. AIR FORCE 


SO Oe eeeeee, ™ 
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J. A. Githens, B.S. in E.E., Drexel Institute of Technology, and J. A. Baird, Ph.D. in E.E., 

Texas A. & M., check the control panel of Leprechaun, a new high-speed computer which 

solves extremely complex problems in one-tenth of a second. Small size and low power are 
1 of t 


made possible by new design principles and Bell Laboratories’ invention 


The United States Air Force assigned Bell Labs 
an interesting assignment: develop a new kind of 
electronic computer. The major requirement was 
greater simplicity. Of course, no computer is sim- 
ple, but this one (known as “‘Leprechaun”’ to its 
designers) is much smaller and simpler than most 
of the computers currently in use. 


It has only some 9000 electrical components; 
5000 of them are transistors. As a result, Lepre- 


he transistor. 


chaun has less than one-third the components of 
conventional computers. This facilitates testing, 
experimentation, assembly and service. 


Even in its experimental state, Leprechaun is 
a stimulating example of great strides in the sim- 
plification and miniaturization of circuitry... a 
problem of profound interest to all Bell Labora- 
tories researchers as they develop radically new 
equipment for your future telephone service. 


BELL TELEPHONE LABORATORIES B 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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General Insurance of America tested| | vrs »=w 


... and picked 





Chief Engineer cites type EP Audiotape for“ dust-free 


coating, uniform signal output... high precision” 


Wuen General Insurance Company of America bought four Electro- 
data tape transports 18 months ago, they knew one thing: their 
computing system should have the finest magnetic recording tape 
available. It was decided that the best way to make the final decision 
was to test. 

The tests started immediately. Every nationally known make of 
magnetic recording tape was used on the transports for at least a 
month, The result was clear; type EP Audiotape was chosen. 

As D. G. Jessup. Chief Engineer of General's Computing Depart- 
ment, wrote in a letter to Audio Devices, “To obtain the optimum 
reliability and performance from our computing system we need the 
oxide dust-free coating, uniform signal output level correct in both 
directions of travel, and high precision reels which you supply. Keep 
up the good work!” 

The extra precision Mr. Jessup found in type EP Audiotape is not 
a matter of chance. Rather it is the result of meticulous selection and 
inspections that start when the master rolls of base materials are 
examined for uniformity. The quality control is continued through 
the manufacturing process, ending only when the tape is checked by 
a defect counter, rejects discarded. and the defect-free tape packed 
in sealed containers. This high standard of control is backed up by 
our guarantee that every reel of type EP Audiotape is defect-free. 

For more information on type EP AUDIOTAPE, write for Bulletin 
igen _— to Box TC, Audio Devices, 444 Madison Ave., New York 


99 
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TRADE MARK 


AUDIO DEVICES, INC., 444 Madison Ave., New York 22, N. Y. 
Offices in Hollywood and Chicago 
Export Dept.: 13 East 40th St., New York 16, N. Y. 
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the German industry is moving grad- 
ually from traditional hydraulic and 
pneumatic controls toward electrical 
and electronic control. A ratio of 
38:35 was chalked up in favor of elec- 
trical and electronic manufacturers. 
In general, control techniques follow 
U. S. patterns. An example is the 
increasing use of hybrid solid-state sys- 
tems involving transistorized inputs 
and magnetic amplifier outputs. 

As for valves and actuators, the 
predominance is still pneumatic, but 
all-electric on-off actuators and elec 
tric-hydraulic actuators are appearing. 
In general the German valve industry 
seems able to offer valves of almost 
any type and size that the process 
industry would require. 


Swedish Computer Course 
Spreads New Techniques 


A broad look at the application and 
availability of analog computers was 
presented to uropean engineers in 
an unijue week-long session held in 
Sweden. Sponsored by the Swedish 
Institute of Architects & Engineers— 
an organization composed of profes- 
sional engineers from all fields of tech- 
nology—the meeting drew 96 trained 
engineers from a variety of industries. 

Main purpose of the meeting was 
to introduce new ways to use the ana- 
log computers. Most of the attendees 
were already familiar with the tradi- 
tional applications of analog com- 
puters: flight control simulation and 
the solution of research problems. 

Bulk of the instruction, conducted 
by faculty members of the Swedish 
Research Institute in Stockholm, 
covered fundamental training in theory 
and use of computers and application 
to flight control. 

Interspersed in the program were 
six lectures by the sole American at 
the meeting, Victor Corey, Donner 
Scientific Corp. Corey carried the 
brunt of the new application story. 
He gave two lectures on simulating 
process control emphasizing close con- 
trol of systems with dead time, and 
another on analog computer solution 
of nuclear engineering and radiochem- 
istry problems. Two others stressed 
general engineering: one was on solv- 
ing differential equations used in such 
areas as heat exchanger design or 
transformer design; and the other on 
handling matrix problems and Fourier 
transforms on the analog computer. 
A final lecture concerned analog solu- 
tion of parametric problems. 




















F&P 53P PNEUMATIC CONTROLLER 


Regenerative feedback for improved linearity and in- 
creased gain in the error detection system 


Versatility left and right hand in-case mounting, field 
mounting, and plug-in mounting—all provided by the 
same basic controller design 


Flexibility the same basic controller design for all 
applications from proportional to three mode—in- 
cluding the new ‘“‘Universal’’ with 2 to 50% propor- 


In Catalog 53P-4000, you'll find some mighty good 
reasons why the up-and-coming 53P Pneumatic Con- 
troller deserves your careful attention and consider- 
ation. Discover for yourself why the 53P has achieved 
such wide acceptance among the country’s leading 
manufacturers. Before you make any decision, you'll 
want the 53P to speak for itself. Our Field Engineers 











tional action, and 2 to 100% differential gap action 
in one controller 


Accessibility external alignment adjustments, easily 
removable filter and restriction cartridges 


Performance unexcelled static and dynamic perform- 
ance characteristics 


Low air consumption high capacity non-bleed type am- 
plifying relay with low steady state air consumption 


will be glad to assist you in any way they can in 
setting up qualifying tests. 

For technical data and engineering assistance, 
write Fischer & Porter Company, 700 County Line 
Road, Hatboro, Pa. In Canada, write Fischer & Porter 
(Canada) Ltd., 2700 Jane Street, Toronto, Ontario. 


FISCHER & PORTER COMPANY 
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Fabrication order is punched out on IBM paper 
card and plastic card. In the work area the . 


plastic edge card is run through reader, which 
sends location and order identification to . . . 


4 Complete listing of all jobs in each work area 
is ready daily before first shift starts work. 


At Convair’s Fort Worth plant, 
industrial engineers had never been 
able to keep track of the 20,000 de- 
tailed parts orders representing 600,- 
000 “detail parts” in work at all times. 
The problem was complicated by the 
800 new orders put into work and 
the 800 completed each day, and by 
the 6,000 others moved from one 
work area to another within the shop. 


3 paper punch in computer lab. 
verted to punched cards which serve as 


Next, paper tape is con 
computer imputs 


Keeping Tabs 


Just recently Convair made a stab 
at solving the problem with an order 
location system that relies on the 
memory of the company’s IBM 704 
computer. In operation only a few 
months, the new approach has already 
pleased manufacturing engineers by 
providing a continuous record of the 
location of every shop order from 
release to delivery in the stock room. 


on Production 


e Interlocked readers—Along with the 
computer, the stem uses 59 card 
readers developed by Commercial Con 
trols Corp. ‘Thes« 
trically to six punches 
which have been installed in the com- 
puter lab. The readers are clectrically 
interlocked, permitting any number of 
readers to be connected to one tape 
punch. The number of readers on 


connected elec- 


paper tape 
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MEMO 
TO Descguers of Electronie Equipment 


NOW YOU CAN REPLACE ALL OF THESE COMPONENTS 


Shown approx. ¥3 size 


WITH A SINGLE HYCON EASTERN CRYSTAL FILTER 


Shown approx. 3 size 


AND REDUCE WEIGHT, SAVE SPACE, 
IMPROVE PERFORMANCE AND RELIABILITY 


It will pay you to investigate how this unique component can 
improve performance and reduce costs of your communications 
equipment. Hycon Crystal Filters make possible single conver- 
sions in AM and FM receivers while retaining the important 
advantages of double and triple conversions. These units permit 
excellent reception in the presence of strong jamming or in- 
terfering signals. Center frequencies are accurate to .001%. 
Insertion loss is 1/10 of other filtering methods. Aircraft and 
guided missile environmental requirements are exceeded. Write 
for Crystal Filter Bulletin. 


Hi \ HYCON EASTERN, INC. 


E 75 Cambridge Parkway Dept. J, Cambridge 42, Mass. 
Affiliated with HYCON MFG. COMPANY, Pasadena, California 
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WHAT‘’S NEW 


. .. computer keeps a continu- 
ous file of work-in-process .. . 


each punch circuit is determined by 
the frequency of use of each reader. 

Here’s how the system works (see 
photos). When a new order is re 
ceived in the fabrication department, 
gitls punch an IBM paper card and 
a plastic paper laminate (Mylar) card. 
[he paper card goes to the computer. 
The plastic card is inserted in the 
order packet and stays with the work 
as it travels through the plant. Each 
order is identified by a six-digit serial 
number, edge-punched onto the My- 
lar card. 
¢ Relay stations—As the work arrives 
in any of 59 fabricating stations, the 
first thing the area dispatcher does is 
place the plastic card into the card 
reader. Automatically, the station lo- 
cation and the serial number of the 
order is flashed to the computer lab, 
where it is punched out on paper 
tape. ‘The reader first transmits a 
two-digit number identifying the sta 
tion, and then the serial number of 
the order, thus notifying the computer 
of the location of the order. 

When a completed order arrives in 
stores, the computer is notified to 
delete it from memory, since a con- 
tinuous file of actual work-in-process 
is maintained there. 

\t night all the IBM paper cards— 
prepared when the order was opened— 
are fed into the computer. Then the 
punched paper tape that recorded 
the progress of orders during the day 
is converted to punched cards and 
also fed into the computer. Convair 
has found that it takes about an hour 
to convert the tape into cards, and 
about 4 hours to run both sets of 
cards through the computer. 
¢ Morning program—That means that 
well before 7 am, when the first 
shift comes to work, the computer 
has typed out a daily listing which 
tells each work area what jobs to 
start that day. First priority is given 
to those orders that will relieve short- 
ages or that have bogged down. 

Among the advantages reported by 
manufacturing engineers are these: 

P exceptions to normal flow through 
the shop are highlighted : 

P individual orders can be quickly 
located and the status checked daily 

> lost shop orders can be identified 
and put back into production 

P engineers can keep close watch 
on shop-load conditions, measuring 
work loads accurately 

Convair officials see even more value 





ACTUAL SIZE 


D.C. 
STATOR AS PRIMARY RESISTANCE 


input input = input = Output Phase Output Phase 
SYNCHRO Voltage Current Power Voltage Sensitivity Shift joltage Sensitivity Shift Rotor Stator ise 
FUNCTION (@0~) (Amps.) (Watts) (Volts) (MV/deg ) (deg. lead) ) (Watts) (Volts) (MV /deq.) (deg. lead) ) Onms 


ROTOR AS PRIMARY IMPEDANCE 


Transmitte 100 118 
Contro’ Transm tte ‘ 
Control Transtor 

Torque Receive: 

Electrical Resolver 

Electrical Resolver 


Contro! Difterentia 


Vector Resolver 


ats CPPC FOR SYNCHRO PROGRESS TP° 
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Type FC-4 4-pole 
double-throw. 


Type FC-6 6-pole 
double-throw. 


These Improve GSILE RELAYS 


withsta DG vibration 
at 2,000 


-.. Up to 6OG shock without contact opening 


--.- and 2,000 ftt.—Ibs. shock without 
contact transfer 


Backed by more than ten years of intensive devel- 
opment and refinement, these rugged, precision- 
built Struthers-Dunn FC relays have the high re- 
liability required for missile uses. The outstanding 
characteristics indicated above typify perform- 
ance that meets or exceeds the operational and 
environmental requirements of MIL-R-5757C 
and MIL-R-25018. Thanks to simplified design, 
S-D FC Relays, are priced materially lower than 
other types frequently used to meet these exacting 
specifications. 


MAKERS OF THE 
WORLD'S LARGEST 
ASSORTMENT OF 
RELAY TYPES 


Q 
* 


NEW BULLETIN AVAILABLE... 
giving full details and electrical and mechan- 


ical specifications. Ask for FC Relay Bulletin. 
on) 





STRUTHERS-DUNN, Inc. 


Pitman, N. J. 


Sales Engineering Offices in: Atlanta + Boston + Buffalo + Chicago + Cincinnati 
Cleveland + Dallas + Dayton « Detroit « Kansas City * Los Angeles » Montreal » New 
Orleans * New York + Pittsburgh « St. Louis » San Francisco + Seattle » Toronto 
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WHAT’S NEW 


to the system in the future. They 
say the system is dev eloping historical 
data that will provide a solid basis 
for management decisions that previ- 
ously had to be based on intuition 
and experience — decisions such as 
load forecasting and shop scheduling. 
¢ Precise production control—Also set 
for the future is an expansion of the 
system to cover sub-assembly shops. 
The company selected the fabrication 
department to initiate the system be- 
cause it offered the greatest imiedi- 
ate gain with the least installation 
risk. Previously, work dispatchers put 
an order into work and then assumed 
that the parts would appear as sched- 
uled. If it didn’t, the company sent 
out assembly expediters to find the 
order and push it through the shop. 
Regular follow-up was the responsi- 
bility of the assembly area dispatcher. 
Because of the system’s potenti- 
alities, Convair officials see the pos- 
sibility of precise production control. 
With variables such as shop-load fore- 
cast, work-in-process inventory, and 
finished parts inventory mechanically 
controlled and the status mechanically 
measured, the company will have an 
up-to-date picture of production on 

a daily basis. 
—Kemp Anderson 


100,000 Bills a Day 

Pacific Gas & Electric Co., the 
West Coast’s biggest utility, has 
started a program to change conven- 
tional billing procedures to electronic 
data processing. With installation 
last month of an IBM 705 computer, 
PG&E, will be able to turn out 100,- 
000 customer bills a day. When the 
changeover, which will take two-and-a- 
half years, is completed, the computer 
will prepare 2 million bills a month 
and handle all related records. In ad- 
dition, the utility expects to have com 
puter time available to solve engineer. 
ing problems. 


Giant Analogs Delivered 

Aircraft companies were the recipI- 
ents recently of two of the biggest 
analog computers ever delivered. In 
Fort Worth, Tex., four large moving 
vans backed up to the Convair Div. of 
General Dynamics Corp. plant with a 
$700,000 machine built by Computer 
Engineering Associates. Meanwhile, 
in Seattle, Boeing Airplane was install- 
ing a 74-ton, 250,000 analog com- 
puter, the first of a new high-accuracy 
Beckman/Berkley series said to oper- 
ate with 10 times the precision of 
previous models. 








fetime: over 


ani Silicon Photo-voltaic Cells 


Response time is less than 20 microseconds allowing for instantaneous . 
control. Replacement problem virtually eliminated due to permanent Applications 


alae iff es Rocadilinin 
life-time - weed p ms cena ae ' ® Punched Tape and Card Readouts 
Compact size results in a greater number of control circuits fora given © Infrared Sensor Devices 
area, at less cost. These self-generating (Photo-Voltaic) ‘cells’ elimi- i. ine Tool P ? ' 
nate the need for external power supplies and provide maximum Machine Tool Programming Controls 
reliability and efficiency under severe temperature variations (from * Automatic Counting Devices 
— 65°C to -+- 175°C and higher). © “Pinhole”’ Detectors 
Our extensive laboratories and design facilities are available to aid you * Remote Switching Controls 
in the solution of your control problems. Write us for further information. ® Conveyor Line Controi 

*(Per R.C.A. Laboratories, Princeton, ® “Hot-metal”’ Detector 

New Jer R No. 212-PH-55-91 

a 14), Aoi 15, 1987). , ® “Loop”’ Control 


® Smoke and Flame Detector Devices 


Hoffman Flectronics “i ee 


SEMICONDUCTOR DIVISION 930 Pitner Avenue * Evanston, Illinois * UNiversity 9-9850 


America’s Foremost Designers and Manufacturers of Silicon Semiconductor Products 
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{Analog to Digital] 


The Coleman DIGITIZER provides a 
simple, economical, and reliable 
method of recording, in digital form, 
the analogs of temperature, pres- 
sure, voltage, strain, distance, etc. 
This record may be produced auto- 
matically by printers, punched cards, 
electric input typewriters, and per- 
forated-tape machines. 





Shaft 
rotation 
input. 


Unambiguous 
contact 
setting. 


Digital 
contact 


[Digital to Analog} 


O2zis ns2 2N3SITIDIC . . . ylse19vn09d 
26 2mstzy2 noitsmotus ni bseu sd 
-igib Nyevnod of sdiveb gninoitizog & 
tter2 benimistsbs1q of e2tuqni Ist 

-noisizoq 


Your name 
Company 


Address 


Write for Free Data File. 
Mention your application. 
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Engineering Company, inc. 
6040 West Jefferson Boulevard 
Los Angeles 16, California 
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WHAT‘’S NEW 


Problem-solvers work on the first large-scale analog 
computer sold to the chemical industry as . . . 


Monsanto Buys Simulation Gear 


In St. Louis last month, electronic 
a newly deliv- 
ered 116 operational amplifier analog 
computer. What made this news was 
the buyer, Monsanto Chemical Co., 
which became the first U. S. chemical 
company to purchase a large-scale ana- 
log computer for simulation purposes 
Monsanto has installed the new equip 
ment in a special air conditioned lab 
oratory at its headquarters 

Although simulation — techniques 
been well-established and ac 
cepted in the aircraft and missile 
industries, chemical companies have 
shied away from analog computers 
sometimes they've rented them for 
limited use), The reason: process engi 
neers for the most part have been con 
tent to work with steady-state condi- 
tions, compensating for any short 
comings by building large safety fac 
tors into chemical plants. 

But economic pressures are forcing 
a change in attitude 
rented computers have bred high en- 
thusiasm in the industry. Manage- 
ment is becoming aware of potential 
savings to be made by considering the 
dynamic aspects of chemical processes 
and processing equipment. By study- 
ing the possible effects of sudden and 
random changes in process inputs, pro- 
cessing conditions, and other inde- 
pendent variables, Monsanto engi 
neers expect to keep new-plant invest- 
ment as low as possible. In addition, 
they see an opportunity to produce 


engineers checked out 


have 


Successes on 


larger quantities of products from the 
same size plants by more exact control 
and with more 
equipment. 

But there’s still another benefit on 
the horizon: better quality and 
products with more uniform quality. 

Ihe analog computer, according to 
Monsanto engineers, lends itself to the 
type of differential equations which 
ire used in studying automatic control 
and chemical process dynamics. Mon- 
santo worked closely with Electronic 
\ssociates to modify a PACE com 
puter. The resulting design is intended 
to give the chemical company the 
greatest adaptability to the kind of 
problems faced by the control engi 
neer in the chemical processing in 
dustry. . 


accurately designed 


For example, the computer has an 
extra-large capacity for generating non- 
linear functions, allowing for 24 
separate continuous functions on 21 
servo-multipliers and two diode func- 
tion generators, along with 36 relay 
amplifiers for discontinuous and in 
termittent or pulsed functions, Of the 
116 operational amplifiers, 72 are in 
tegrators and 44 are summers (the 
usual configuration for a computer of 
this size would be 50 integrating and 
66 summing amplifiers 

This extra nonlinear capacity 
doubles the computer's ability to solve 
chemical problems. For example, the 
basic system as offered by Electronic 
Associates can simulate a five-tray frac- 
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EDISON 


missile control system 


Pritt ¥ sets new standards 
in miniaturization 
and performance 


Designed and developed by Edison in record- 
breaking time, this subminiature control sys- 
tem does a full-size job in helping to steer 
one of the country’s newest missiles. 

Subminiature systems work of this kind 
has been conducted at Edison for a long time 
The many facilities of the company work 
together, complement each other...add up 
to unmatched electronic systems capability. 

The above photo illustrates a system that 
contains a mixer circuit, pre-amplifier, mag- 
netic amplifier, servo motor, close tolerance 
gear train and control transformer, all of 
which, when hermetically packaged, weigh 
only 9.5 ounces. 


Systems responsibility assignments have 
helped shape the structure of Edison. Servos, 
servo systems, magnetic amplifi 
transducers, precision gear 
ure relays — the buildir 
electronics — are all design 
produced at Edison. All pr 
by field service facilities staffed 
enced engineers. 

Edison research facilit 
best in the country. Engin 
can call on analog com; 
equipped chemicaland electr 

For remote control circuits — for all types 


of electronic systems and subsystems, write to 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


38 LAKESIDE AVENUE, WEST ORANGE, N. J 
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ONE-COIL ECONOMY... 
TWO-COIL EFFICIENCY 
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Fe 
a CU COMPACTNESS 
pasitive dvifcing 
and dependable operation... 


AT LOW COST... This new Type W relay features an insulated 

rocker arm activated by a single coil, instead of the usual two. 
Ideal for use in machine controls, appliances, positioning devices, remote 
TV controls and other applications where opposite switching 
is desired each time the circuit is pulsed. Good shock and vibration 
resistant qualities. Contact combinations up to 4 “‘C”; rated 73s 
amperes @ 115 V. AC resistive. Can handle up to + h.p. 
on motor applications. 
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QML cri COMPANY 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 
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tionation column. The modified de- 
sign can simulate a 10-tray column, 
and that includes control equipment 
such as valves. 

Monsanto arranged the _ three 
separate computing consoles so they 
can be used together or separately, 
allowing engineers to tackle small 
and medium-size problems as well as 
very large ones. One console can be 
used to solve a simple chemical re- 
actor problem—controlling composi- 
tion with four or five input com- 
ponents. If temperature is to be 
controlled, too, it would mean using 
two consoles. And if the number 
of ingredients were increased to 10, 
all three consoles would have to be 
used to solve the problem. ‘The com- 
puter has a built-in expansion cap- 
ability so that its present size can be 
doubled when the number and magni- 
tude of problems warrants an increase. 

lo operate the new facility, Mon 
santo beefed up its Theory Group, 
headed by Theodore Williams in the 
recently formed Systems Section 
(which is part of the Engineering 
Dept.. Research & Engineering Div.). 
Each problem is carried out by a 
team of two engineers, one chemical 
and one electronic. In this way, Mon- 
santo will merge the chemical engi- 
neer’s background in process operation 
with the electronic specialist’s knowl- 
edge of control systems and computer 
technology. 


All-Electronic Control 
for Distillation Plant 


Electronics have slowly but surels 


‘been finding their way into chemical 


plant control systems. Although some 
plants have tried electronic control of 
trial loops—a few have tried perma- 
nent ones—most have settled for part 
electronic, part pneumatic. That's 
why the new distillation plant built 
by Trubek Labs’ Truland Chemical 
Co at Rutherford, N. J. is unusual: 
it’s the first of its kind to boast an 
all-electronic control system. 

Truland’s management studied the 
problem closely before they took the 
leap. Over a year ago they experi 
mented with a completely electronic 
control loop at their Union, N. J. 
refining plant. Impressed by this trial 
performance, Truland decided to go 
all the way when they built a new 
distillation plant. 

Swartwout supplied the electronic 
system. In the new Rutherford in- 
stallation, a transmitter on top of the 
still-pot liquid-level tank translates a 
measurement into a signal, and sends 
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IBM stresses need for reliability 


Lambda power supplies used in SAGE computer 


IBM’s Kingston, N.Y., plant of their Military Products Every statistic compiled...every survey made by 
Division uses Lambda power supplies to provide the Lambda... has shown that Lambda power supplies are 
reference voltage for the marginal checking power sup- engineers’ overwhelming choice, for industrial as well 
ply system of the SAGE computer, the world’s largest as military applications. 


ic digit ter. . 
electronic digital computer Write for the complete catalog of Lambda power sup- 


The SAGE computer, whose power requirements are plies for all needs through 1.5 amperes. Rack, bench 
equal to that of a town of 15,000, must possess unpre- and portable models — for use as original equipment or 
cedented reliability. It is designed to operate effectively components —for industrial, laboratory and military 
24 hours a day, seven days a week. requirements. 


LAMBDA’S NEWEST COM-PAK POWER SUPPLIES 
Save valuable panel space « For all needs through 1.5 amperes 
Three voltage ranges: 0-200, 125-325, 325-525 VDC. 
C-200 series— 200 MA—5'%” panel height — from $159.50 
C-400 series— 400 MA—5'%” panel height—from 244.50 


C-800 series— 800 MA—7” panel height—from 315.00 
C-1500 series — 1500 MA — 834” panel height—from 550.00 


LAMBDA Electronics Corp. 


11-11 131 STREET © COLLEGE POINT 56, NEW YORK 
INDEPENDENCE 11-8500 Cabie Address: Lambdatron, New York 
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* Translation: You Can’t Beat The Bendix “Supermarket” 


Before you specify rotating compo- 
nents, make sure you talk to Bendix. 

Because we greater 
variety and greater volume of rotat- 


produce a 


ing components every day than any- 
become the 
“supermarket” of the industry, offer- 
ing you availability and economy 
with finest quality. 


one else, we have 


Our line includes the following, 
built to practically any specs you 
could want: 


Eclipse-Pioneer Division 


TETERBORO, N. J. 


CONTROL ENGINEERING 


Synchros and resolvers * Temperature- 
compensated tach generators and motor- 
driven tachs * Low-inertia servo motors 
and motor generators * Motor gearheaus 
and component packages « External slip 
ring synchros * Analog-digital converters 
¢ Gyros « Radar antenna devices. 


You'll find your best values at the 
Bendix “Supermarket”. Try us. 
District Offices: Burbank and San Francisco, Calif.; Dayton, 
Ohio; Washington, D. C.; Seattle, Wash.; and Miami 


Springs, Flo.—Export Sales & Service: Bendix International, 
205 E. 42nd St., New York 17, N. Y. 


“Condi” 


AVIATION CORPORATION 


WHAT’‘’S NEW 


it to the control panel where it is 
automatically recorded, compared with 
the control setting. From the control 
panel, a correction signal is sent to 
an electrohydraulic valve positioner 
to control feed into the still pot. 

I'o overcome the “tough-to-main 
tain” charge that makes a lot of proc 
ess engineers leery of 
Swartwout helped train instrument 
technicians to service the system and 
established a printed-circuit modular 
design. By means of these trouble 
shooting techniques, an entire printed- 
circuit board or a system component 
can be easily replaced 

Among the advantages that Tru 
land sees in the new svstem are a 
simplified control room (there’s no 
maze of pneumatic tubes), remote 
control over distances, and 
freedom from freezeups. 


electronics, 


greater 


Texaco Tries 
Computing-Control for 
Tricky Refining Process 


lor computing-control — skeptics, 
the Texas Co. last month had some 
unsettling news. ‘Texaco’s Vice-Presi- 
dent in charge of refining operations, 
J. S. Worden, made the announce 
ment that the company has ordered 
a digital computer to provide auto 
matic control of a refining process. It 
is the first such buy in the petroleum 
chemical processing industry. 

Ihe pioneering installation, to be 
made at the company’s Port Arthur 
(Tex.) refinery, will control a complex 
and changeable polymerization proc 
light hvdrocarbon gases 
ire combined into high-octane blend 
ing components for gasolin¢ Ihe 
computer to do this ticklish job 
Ramo-W ooldridge’s RW-300 (CtE, 
Sept. '57, p. 41) 

Before ‘Texaco made this purchase 
its engineers undertook a six-month 
feasibility study, found the computer 
(expected to cost about $98,000 
would pay for itself ‘handily in in 
creased yield and efficiency. 

According to a Ramo-Wooldridge 
spokesman, systems responsibility is 
being shared equally by the oil com 
pany and the computer manufacturer. 
Combining data logging and some 
scanning and alarm functions, the 
computer will monitor about 100 vari- 
ables, analyze them, and then deter- 
mine optimum operating conditions. 
And it will print out records of oper- 
ating conditions. 

Systems engineering work is not 
vet completed computer program 
should be ready in mid-January. 
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R-B-M Miniature Multipole 
Relays of Proven Reliability | cig ee. 


production p iy en products 


I, meee 


WIRE AND CABLE 
A full “Extra Test’ line of lead, test lead, 
appliance, automotive and refrigeration 
wires, plus submersible pump cable and 


200° C. Sil-X insulations are examples of 
the versatility of “Essex Engineering”. 


Wire and Cable Division 
Fort Wayne, Indiana 


Light weight, Small Size Open and Hermetically Sealed Types 
for Electronic and Communication Application 


APPLICATION: R-B-M Miniature Multipole Relays are used where the 
prime factors in switching electronic circuits are small size, light weight and 
reliability. These proven designs are produced for switching low power 
circuits, low capacitance circuits and power circuits. 125° C insulation now 
available on some versions. Coils can also be designed for plate circuit. 


CONSTRUCTION: MINIATURE RELAYS 


Magnet Frame—Four sizes available on open type relays and three sizes The Type MS Miniature Sensitive Relay is 
on hermetically sealed type. idea! ter any apptestion soquiting @ com> 


» - F " pact, highly reliable single pole D. C. device, 
Contacts—Cross-bar palladium welded to nickel silver springs or button where a low cost solution is required because 


contacts on Beryilium copper springs. of volume usage and competitive problems. 
‘ , , R lletin No. MS-1. 

Terminals and Mountings—Glass headers provided with either solder eqenet Cuiiotin ra caiman 

or plug-in type terminals with many various types of mountings available. a ee Soe 
° ° ‘ Logansport, Indiona 

Octal type plug-in headers can be provided on the HL enclosure. Plug-in 

terminals to fit either 9 or 14 pin standard sockets. Maximum of 14 

pins for solder connections. 


TYPICAL SPECIFICATIONS * 


a Maximum Minimum : . 
ae Coil Power Maximum Contact Form With en oes ab 
> Open ict Requirements | rated current at 32 V.0.C. or 115 Coil Wotts Enclosed by 
(OHMS) Per pole at V.A.C. (non-inductive load) of 
25° C(WATTS) 


4 PDT 5 Amps. or 3 Amps. 
SM 9,000 6 PST 3 Amps andi NSM 


SPNO Parallel Contacts 
9,000 Make 80 Amps. Break 20 3.75 HSMD-2 
Amps. at 32 V.D.C. ] 


4 PDT 5 Amps. or 3 Amps. OILED CORDS 
18,500 | + 4.5 HPSC Cc 
4 PDT 5 Amps. or 3 Amps The “spring” in Coiled Cords automatically 
] 
mane 6 PST 3 Amps. — 4.5 wba synchronizes with moving components that 
9,000 3 SPNO, SPDT, DPNC, SPNC, 375 HSM-RF are electrically powered. There are no loop- 
sic — ee — i ‘ ___HUSM-RE- ing, tangling cords in the way... because 
N crollel ontacts ri ee Re an ac 
18,500 Make 80 Amps. Break 20 45 ’ Coiled Cords extend and retract as needed. 
Amps. ot 32 V.D.C. me Write for new literature 
*Other ratings and specifications available. Cords Limited Division 
For additional information write for Bulletin No. 1050 DeKalb, Illinois 
























































® 


RBM DIVISION (Wee 


Manufacturers of Magnetic rT ae 


Controls and Devices 





/vocansrorr, INDIANA 


JANJARY 1958 





3¢ a-c stands for analog computer 


The Donner a-c*, 
acomplete linear 
computer. Digital 
voltmeters, scopes, 
and non-linear 
equipment may be 
mounted above 

the console and/or 
at one side in 
modular racks. 


4 
/ 
/ 
/ 
/ 
/ 
/ 
$ / 
/ 
/ 
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buys the new DONNER a-c* console 


WITH 
e 30 Chopper Stabilized Amplifiers 
e 40 Coefficient Potentiometers 


e 0.1% Temperature Controlled 
Computing Components 


/ 
e Latching Overload Lights // 
/ 


/ 
/ 
/ 
3 Designed as a standard production item, the 
Donner a-c* combines quality and flexibility with modest cost. 
For instance, characteristics of the Donner 3101 chopper stabi- 
lized operational amplifie:, heart of any analog computer, are: 
de gain 5x10’; unity integrator drift 100 millivolts in 15 min- 
utes; phase shift 0.2° at 1000 cps. The reference supply carries 
a stability of 0.1% over a 60 day interval. 
Formed from molded diallyl phthalate, the removable AMP 
problem board serves 30 amplifiers, 40 potentiometers, com- 
plementary nonlinear equipment, and 70 trunk lines. 
Starting with as few as 10 amplifiers and 20 potentiometers, 
the user can build up a full console as his needs and pocket- 
book dictate. For further expansion, consoles may be slaved 
together and operated from one master computer. 


Data file 310 detailing the Donner a-c* is yours 
for the asking. Please address Dept, 081. 


DONNER comeany 


Phone MUlberry 2-6161 * Cable ‘‘Donner™ 
CONCORD, CALIFORNIA 
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WHAT’S NEW 


Textile Mills Cling 
to Traditional Controls 


RALEIGH, N. ( 
lextile mill operators are clinging to 
traditional electronic control equip 
ment. The industry uses practica’ly 
no electronic and little sophisticated 
control such as feedback techniques, 
and none is planned for the immedi 
ate future. 

his was the picture as described at 
the Sixth Annual Textile Electrical 
Conference of the AIEE held at 
North Carolina State College in No 
vember. Textile specialists cite three 
main reasons for the attitude: 

> Reluctance of mill owners to in- 
vest in research and in new control 
equipment. The industry is operating 
on a profit margin of only 1 to 2 
percent of sales; as a result its average 
spending for research is only 1/20th 
of the national industrial average. The 
small margin discourages even “pro 
gressive” mills from investing in “im- 
prov ed” equipment. 

> There are few “critical” processes 
in most segments of the industry; 
thus operators feel little urgency in 
the need for advanced controls. 

>The industry is a highly tradi 
tionalized one,” says a textile spokes 
man. But the way he describes it 
makes it obvious that this is a polite 
way of saving that any change comes 
slowly and painfully. “The spinning 
and weaving principle is as basic as 
the wheel, and the thinking of the 
industry as a whole tends to evolve 
about as slowly as the basic process, 
apparently,” he continues. Another 
engineer said, “Until five years ago, 
being in textiles was like being on a 
verv slow train—you had to throw some- 
thing off to see if you were moving.” 

One area that has shown progress 
is testing. Emphasis has been placed 
on indication in production analysis. 
A number of highly efficient measur- 
ing instruments have been developed. 
Typical examples: a skein tester for 
measuring the strength of yarns, a Mi- 
cronair for measuring diameter of 
fibers, and a special balance to deter- 
mine weight variances in batches. But 
as yet there’s no feedback from these 
instruments to control. 

The industry still relies on the oper- 
ator to read the instrument, interpret 
the reading, and then manually actu- 
ate the control for adjustments. 

Slow info spread—One of the prob- 
lems that the textile industry appar 
ently has is that information about 
new techniques doesn’t spread rapidly. 





This 
AC Regulator? 


Get 


In 
Line! 


Sorensen AC Line Regulators Handle 150 VA to 15 KVA; 
wh in within +0.1% against Line or Load. Highly 
Depepd; vith Cléan Wave Formand Frequency Insensitivity. 


AC POLIASE Sieelaree 
— 


It’s a sure thing you can depend on a sustained steady voltage level, in circuit 
or hook-up, when there’s a Sorensen AC Line Voltage Regulator cut into 
your power source. 

On applications such as communications equipment, appliance testing, 
instrument calibration, and color photography—and for general laboratory 
use, the refined Sorensen regulating circuit gives unequaled accuracy and 
dependability. 

An exclusive factor, unique and effective, is the safety diode which pro 
duces a voltage drop, in place of a surge, when there’s a filament break in 
any tube. Over-voltage circuit breakers are also included in units of more 
than one KVA rating. 

The unusual reliability and acceptance of these voltage regulators is estab 
lished overwhelmingly by the thousands of installations using them through- 
out the world, with great numbers of these Sorensen units in continuous 
service for ten years and more. 

Check your local Sorensen representative on what these line voltage regu 
lators can do in your operations. Or, for technical data, write directly to 
SORENSEN & COMPANY, Inc., Richards Avenue, South Norwalk, Conn 


SPECIFICATIONS Model 1000 S* (illustrated 


Output voltage 115 VAC, single phase Power factor 
adjustable 110-120 volts range 


input Voltage 95-130 VAC, single phase Load range 
50/60 cycles, =10% Width 


Regulation 0.1%, against line; Height 
accuracy 0.1%, against load Depth 


Distortion Rack mount height 
produced 3% Max Net weight 


Time constant 0.1 second Shipping weight 
*Ask for data on other models and capa 
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controlled power for research and industry 
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PRESSURE 


MILLIMETERS OF MERCURY 


6” dial 


Measures pressure from 
ZERO ABSOLUTE 
to Atmospheric 


ABSOLUTE PRESSURE INDICATOR 


... For Precise Vacuum Work 


1/300 of full scale 

1/500 in all ranges 

0-50mm Hg. 0-100mm Hg. 

0-200mmHg. 0-410mm Hg. 

0-800mm Hg. 390-800mm Hg. 

Dial Sizes: 2%,” or 6” diameter for all ranges 
Write for Publication No. TP-28-A 


Accuracy: 
Sensitivity: 
Ranges: 
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25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 





In Canada, Wallace & Tiernan, Ltd. — Toronto A-108-1 


CHLORINATORS and CHEMICAL FEEDERS 


* @ slime elimination 
water treatment and purification 
industrial waste and sewage treatment 
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WHAT‘S NEW 


For instance, in one or two new tex- 
tile mills you can see beta gages, 
instruments recently developed to test 
the evenness of fibers with beta rays. 
But at North Carolina State College, 
one educator guessed that “not more 
that one out of 1,000 mill operators 
has ever heard of the beta gage.” 

But while the industry as a whole 
drags its feet in the use of modern 
controls, a second area appears to be 
taking a new interest. ‘That's syn- 
thetic finishing. Those plants which 
use materials with thermoplastic qual- 
ities (such as hosiery mills) and thus 
have a critical time temperature rela- 
tionship in processing are particularly 
active. 

And there’s one other frontier in 
textiles about to be cracked on the 
academic level. In February, the first 
use of radioactive isotopes in textile 
research will be conducted at a new 
laboratory at North Carolina State 
College. —Fran Ridgway 


X-Ray Control Boosts 
Foil-Mill Yield 

The world’s first foil mill to be di- 
rected by an automatic gage-control 
system has completed two years of 
successful operation, General Electric 
Co. announced in November. Using 
an automatic X-ray gage as a sensing 
unit, the system controls the rolling 
of aluminum foil in thicknesses rang- 
ing from 0.00025 to 0.00651 in. at 
speeds up to 3,000 ft per minute. 
Ihis initial application is at the Kaiser 
Aluminum Chemical Corp.’s Perma 
nente (Calif.) plant. 

Kaiser engineers report that the X- 
ray gage has practically eliminated er- 
rors due to changing temperatures and 
the thickness of oil film on the sur- 
face of the foil, two factors that fre 
quently “fool” other types of gages. 

The control system takes advantage 
of the fact that speed of the rolling 
mill directly affects the thickness of 
foil produced in the mill. The small 
electrical signals from the deviation 
circuit of the X-ray gage are ampli- 
fied in a multi-stage magnetic ampli- 
fier; this unit steps up the power 
level of the signal sufficiently to pro 
duce an output which varies the main 
motor field and therefore motor speed. 

In reviewing the two years of oper 
ation, Kaiser Aluminum officials re 
port that the gage has been especially 
effective in controlling rolling of med 
ium and light gages. Quality control 
inspectors report that yield has been 
increased materially, too. 





Specialists in special purpose tubes 


TUBES Gee 

filled tubes designed to 
vol for reg- 

ting small currents. 
Also used to make avail- 
able stable reference 


tures to bantams, 
including —_ reliable, 
ruggedized types. 


THYRATRONS—An  ex- 
tensive line of thyra- 
trons for use as 

control rectifiers, relays 
and noise generators. 
Inverse voltage ranges 
from 100 to 5,000 volts. 
Sizes from subminia- 
tures to ST 16 bulbs. 
Filamentary as well as 
hot and cold cathode 
types are avemette. 


AON A Rl 


TWIn POWER TRIODES 
—The most complete 
line of highcurrent twin 
pone triodes devel- 
especially for re; 
ulated power supply 
usage. Current and 
power ranges up to 800 
milliamperes and 60 
watts respectively. In- 
cluded are rugged types 
in both low and medium 
mu construction. 


RECTIFIERS — Both vac- 
uum and gas filled tubes 
with peak inverse volt- 
age ratings from 200 to 
15,000 volts. Included 
are tubes with special 
features such as fast 
warm-up, cold cath- 
odes, clipper service rat- 
ings and rugged con- 
struction 


TELEPHONE TYPES — A 
highly specialized line 
of vacuum and gas filled 
types in both the 300 
and 400 series. 











Chatham research and development eT ae 
has produced many new tube types rentenn hd 
that have become industry standards. these tubes permite: 
If you have a special purpose tube yy fend ay 


problem, Chatham experience can cases 
help you find the solution. : 


> gaa to 33 mega- 


CHATHAM ELECTRONICS bivision op TUNG-SOL ELECTRIC INC. 
General Office and Plant: Livingston, New Jersey 
SALES OFFICES: CHICAGO, DALLAS, LIVINGSTON, LOS ANGELES 
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ee. oe eee FREQUENCY 


STATIC INVERTER suPPLyY _ | *0°d Packers Ask: 


Who’s to pay for new 
instrument development? 


INPUT 28V D.C. + 10% 


OUTPUT Nom. 115V + 2% 400 CPS + 0,0T% 
1 ¢ (2- or 3-phase output available) 
mainwenwk Pay for — opp. ar ie = Vd 
APPLICATION: strumentation?—turned out to be the 
. main dish at a pilot session on food 
For gyro wheel supplies and where “ nt 
precise 400 cycle voltages are re- instrumentation held at Rutgers | . 
quired in aircraft, radar and missile versity in November. Cooperativel) 
computers. sponsored by Rutgers’ Food Technol 
FEATURES: ogy Dept., the Foundation for Instru 
PRECISION OUTPUT FREQUENCY mentation Education & Research, and 
RUGGED the Food Div. of ISA, 
muerr e¢ coca attempted to bring together food 
FAST STARTING TIME processors and instrument men to ex 
GOOD VOLTAGE REGULATION plore instrumentation problems in 
throughout an adjustable range 
ISOLATED CASE DESIGN ’ 
HIGH RELIABILITY But once the problems had been 
VIBRATION ISOLATED served up, the representatives of both 
COMPACT industries concentrated on the ques 
LIGHTWEIGHT tion of who was to pick up the check 
MILITARY SPECIFICATIONS for development work. As you might 
(Send for Bulletin S-864) expect, the food processors felt the in 


strument manufacturers should beat 
the brunt of the expense. While the 
instrument representatives tactfully 
declined, pointing out that such de 
velopment was really a cooperative 
iob between user and maker (a view 
undoubtedly influenced by the fact 
that most makers have been burnt at 
one time or another developing an in 
strument for a user who turned out to 
have either limited or no use for the 
new device). 
e Some offers—One instrument manu 
facturer pointed out that if both 
maker and user invested money in an 
instrument development, both pat 
ties would maintain maximum interest 
in seeing that development completed 
MODEL + 01% CPS SIS 40311 SIS 40511 sis 410011 | | FIER’s Lloyd Slater countered with 
NUMBERS | = 05%, CPS] SIS 40315 SIS 40515 SIS 410015 | the proposal that a development like 
INPUT VOLTAGE 28v DC + 10% this be the job of an independent 
MAX. OUTPUT POWER 30VA | SOVA | 100VA third party. Slater nominated organiza 
OUTPUT VOLTAGE TISV AC (Adjustable = 10%) tions such as Rutgers’ Food Technol- 
400 (PS = .01% 
400 (PS = .05% 
VOLTAGE REGULATION *1% For Line Variations ¥ 2% For Load|Variations 
san nah en «A hh. director added, could be supported 
LOAD POWER FACTOR +0.5 to - 0.5 Maximum 


ointly by users, makers, : ade as- 
MILITARY SPECS WiL-E-S400A & MIL-E-S272A jointly by users, makers, and trade as 
~“s5"C te 7 TIC when sociations of both industries. 
AMBIENT TEMPERATURE mounted to heat sink An even more practical sugg¢ stion 
VIBRATION 206 10 to 2000 CPS was offered by Arnold H. Johnson, 
is” 0 27/8" is” 0 27/8” "p4i/7 | president National Dairy Research 
H 213/16" H 213/16" H 2 13/16" 


WEIGHT (Approx.) 2 Ibs. 3.5 Ibs. 5 Ibs 


That ubiquitous question—who’s to 


the meeting 


food processing 


PERFORMANCE SPECIFICATIONS 
































ogy Dept., which carry on a consider- 
able amount of research on basic proj- 
ects. Such projects, FIER’s executive 
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UNIT DIMENSIONS 





Laboratories, speaking as a representa 
tive of the dairy industry. Johnson 
| said the dairy industry was trying to 

: solve the problem by having users do 
MAGNETIC AMPLIFIERS INC. instrumentation research up to the 
632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 prototype; from that point on, they 
West Coast Division felt, it was the instrument maker’s iob. 

136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 e Processors’ woes—The food proc- 


essors were quick to welcome s igges- 
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Through this #@§ rugged but sensitive vibration pickup, the smallest hint 
turboprop engine is detected and fed 


and then to a signal light and meter 


Read the complete story in Bulletin crc 3011-x1. 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


DYNAMIC AND STATIC LOAD RATINGS 


Load ratings of MICRO bearings are 
based on standards established by the 
Anti-Friction Bearing Manufacturers 
Association and are the result of ex- 
tensive tests. 

The “life” of an individual bearing 
is defined as the number of revolutions 
the bearing makes before the first 
evidence of fatigue develops. Fatigue, 
in turn, is a function of bearing load 
and although other factors, such as 
contamination and high temperature, 
affect the life of a bearing, it is assumed 
that clean bearings running at normal 
temperatures are being considered. 

It is not possible to predict the life 
of any individual bearing. The prob- 
lem, therefore, is best approached by 
a consideration of empirically derived 
dispersion curves which provide a 
means of determining bearing life on 
a probability basis. That is, they per- 
mit the average life of a given group 
of bearings to be accurately specified. 

For purposes of standardization, the 
“rating life” of a group of apparently 
identical ball bearings is defined as the 
number of revolutions that 90% of the 
group will complete or exceed before 
the first evidence of fatigue develops. 
This figure is approximately one-fifth 
of the average life. 

, If two groups of similar bearings 
are run under different loads F, and F: 
within normal operating range of load- 
ing and rpm, their lives L: and L: are 
inversely proportional to the cubes of 
the loads, i.e., The BASIC LOAD RAT- 
ING C is that radial load which a group 
of apparently identical bearings can 
endure-far a rating life of one million 
revolutions, with stationary load and 
rotating inner ring. Within normal 
operating ranges, rating life for any 
load is a constant number of revolu- 
tions, so the following relationship, a 
restatement of the inverse cube pro- 
portion, may be used to compute rating 
life when basic load rating and applied 
radial load are known: 


= ($) 


L=rating life in millions of revolutions 
where, C=basic load rating in pounds 
P=applied radial load in pounds 


The nomograph illustrated permits 
the quick evaluation of any one of the 
three quantities when the other two 
are known. For example, if the C rat- 
ing of a given bearing is 95 pounds, 
and the bearing is loaded radially with 
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12 pounds, P, a straight edge crossing 
these two values in their respective 
columns shows that the bearing could 
be expected to have a life, L, of 450 
million revolutions. 


“EQUIVALENT LOAD” 
Bearings whose leads are primarily 
radial are usually also subjected to 
axial forces. When the axial compo- 
nent of the load is greater than a neg- 
ligible value, this combined radial and 
thrust load may be expressed in terms 
of a simple radial load in order that 
the basic load rating C may be calcu- 
lated. This simple radial load is known 
as the “equivalent load”, which is that 
constant stationary radial load which, 
if applied to a rotating inner ring, 
would give the same life as that which 
the bearing will attain under the ac- 
tual conditions of load and rotation. 

A formula for determining “equiva- 
lent load” and a more comprehensive 
discussion of static and dynamic loads 
is found in our design handbook. 

DESIGN HANDBOOK OFFERED FREE 
You'll find this new, 70- 
page authoritative pub- 
lication a great help in 
solving problems in de- 
signing instruments or 
small electro-mechani- 
cal assemblies. 

Write to: New Hamp- 
shire Ball Bearings, Inc., 
Peterborough 1, N.H. 


Plain and Shielded Flanged and Shielded 
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Typical cut-away views of instrument-type retainer ball bearings. 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 


District Offices: Pasadena, Calif., Park Ridge, Ill., and Great Neck, N. Y. 
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tions for solving analysis problems in 
their industry, which is characterized 
by low profit percentages. Speakers 
representing various phases of the 
food industry did a first-rate job of 
delineating problems, using specific 
examples. Apparently all the speakers 
had similar overall objectives in mind: 
increased yield, improved quality, and 
most important, more uniform qual- 
ity. Here’s how the problems shaped 
up on an industry basis:, 

> Process dairy products—In reviewing 
a number of applications that could 
use on-line analysis instrumentatica, 
Johnson cautioned that the industry 
was limited by the amoynt of money 
processors could afford to spend for 
such devices. A key measurement, he 
said, throughout all dairy processing 
is butterfat content. He predicted 
that a reasonably-priced, on-line in 
strument for determining this factor 
would be used widely in the industry, 
from receiving stations on the farm 
through fluid milk, cream, ice-cream, 
and cheese-making processing. 

Other instruments that the indus- 
try would like: devices for measuring 
moisture content, bacteria count, den- 
sity, color, and flavor. 

Johnson told the meeting that the 
industry tried gamma irradiation tech 
niques for measuring density, but had 
found the equipment too expensive 
for the average dairy processor. Now it 
is studying NMR for moisture deter 
minations. In answer to the question, 
how much the industry could afford to 
pay for such instruments, Johnson 
gave a range of $200 to $5,000. The 
low figure related to instruments to 
be used on or near the farm, the 
higher to what large processors could 
afford, for on-stream devices. 
> Cereals and baked products—Clint 
Brooke, Merck & Co., explained that 
a millers most pressing problems are 
how to measure moisture content, and 
even more important, how to deter- 
mine how moisture is distributed 
throughout the kernel. He also pointed 
out that there are many other oppor- 
tunities for using on-line analysis. 
Among them: measuring protein con 
tent, measuring color of flour on 
stream; measuring particle size, a criti- 
cal factor in baking quality; and pro 
viding a quality check on dough. 
> Meat and meat foods—John Thomp 
son, president, Reliable Packing Co., 
told the group his industry's biggest 
problem was its own complacency. 
“Our executives,” he said, “‘are too 
busy studying and admiring what has 
been done, and too little interested in 
what can be done.” He intimated that 





New Ampex Digital Tape System 


Ampex’s new digital tape equipment is to com- 
puters as a super-super highway would be to 
1958’s new 300 horsepower automobiles. Com- 
puter arithmetic can move at electron speeds — 
but previous input/output rates have been like 
bumper-to-bumper traffic. Now the jam is broken. 

60,000 six-bit characters per second is one of 
several transfer rates available on the new Ampex 
Digital Tape System. Depending on how you can 
accept the data, some Ampex rates are even faster, 
others are somewhat slower. 


ss. 


FR-300 Digital Tape Handler 


To achieve a livelier pace... 
a SYSTEM of new equipment 


In a complete digital computer, the Ampex 
equipment provides two neatly packaged func- 
tions: input source and output receiver. By treat- 
ing these as systems unto themselves, Ampex 
achieves optimum performance and reliability. In 
them, four interdependent items have been match- 
ed: tape handler, heads, amplifiers and magnetic 
tape. For the total result, the four are inseparable. 

The Ampex FR-300 tape handler operates at 
150 inches per second. With this new speed plus 
other format improvements contributed by the 
other Ampex components, transfer rates can be 
increased up to six fold over previous standards. 
Search times too can be reduced to one sixth. 

The FR-300 starts or stops in 1.5 milliseconds. 
These times can be depended upon indefinitely. 
Hence they drastically reduce the buffer storage 
requirements of the computer system. Also, inter- 


quickens input and output 


record distances are 
accurate and art 
shortened by half. 
Despite its race- 
horse gait, the FR-300 
is a workhorse ma- 
chine thoroughly test- 
ed and perfected in a 
year-long component 

Cinsnialiate Wiha shakedown. Its de- 

Assembly pendability and low 

maintenance require- 

ments are aimed at increasing the computer's 
available working hours per day. 

Two other Ampex tape handlers, the FR-400 
and FR-200A operate at lower speeds, serving 
smaller computers and auxiliary digital equip- 
ment such as converters, printers, etc. 

Read/write heads and amplifiers work together 
to achieve higher bit-packing densities. On the 
Ampex system, the 200-bit-per-second standard is 
conservative. Ampex’s new heads can resolve 
pulses much closer than this. And the amplifiers 
easily handle the tremendous transfer rates achiev- 
ed when closer bit packing and high tape speeds 
are combined. All-transistor design of the ampli- 
fiers achieves extreme reliability and compactness 

Ampex computer tape, a new specially formu 
lated type, plays a key part in system reliability 
To reduce significant dropouts and spurious noise 
to zero, the tape is manufactured in a completely 
air-conditioned plant. Employees wear lintless 
“surgical” clothing. And each reel is individually 
tested and packaged within two hermetically seal- 
ed wraps. 

A tough new oxide binder on Ampex Compu- 
ter Tape withstands many times the use of any 
previous “long wear” tapes. Virtually no oxide 
rubs off; heads need much less frequent cleaning. 
Precision reels, available as an option, protect the 
tape edges from damage and improve tape han- 
dling and guidance. 


A newly published 
brochure is available 
describing all compo- 
nents of the Ampex 
Digital Tape System 
and explaining per- 
formance specifica- 
tions. May we send 
you a copy? 


AMPEX FIRST IN MAGNETIC TAPE INSTRUMENTATION 





CORPORATION 


934 CHARTER STREET - REOWOOD CiTY. CALIFORNIA 


District offices serving all areas of the United States and Canada; Foreign Representatives in countries around the world. 
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progress could be made by adding in- 

strumentation almost anywhere in the 

| meat-packing process. One device 

| Thompson was most inte1ested in see- 

( R ing developed would separate lean 
Now A C £ & ET animals from fat animals. He sug- 
gested ultrasonics as the basis for a de 

vice that could measure back fat harm- 


MICRO-MINIATURE PRECISION WIRE-WOUND 5 lessly and rapidly. Thompson listed 


some other specific needs: methods of 
POTENTIOMETERS weighing animals on the run; devices 
to control shortening processing; de 
vices to control refrigeration accurately 
Greater Heat Dissipation to reduce shrinkage; and data handling 

\ techniques to determine the best cuts 

2 watts at 60°C. to be made from a given animal. 

> Citrus concentrate—lred Wenzel 
of the Citrus Experiment Station, 


IMMEDIATE DELIVERY University of Florida, was an unex 


. 5 : ‘ pected guest who filled in for the flu 
in the following resistance values stricken speaker on concentrated 


foods. Wenzel said the orange concen- 


100 Ohms 1,000 Ohms 10,000 Ohms trate industry (which has grown in 13 
250 Ohms 2.500 Ohms 20,000 Ohms | years from 250,000 to 70 million gal 


per year) needs two on-stream analy 


500 Ohms 5,000 Ohms 25,000 Ohms \ : sers: one to. measure color, the other 
to measure flavor objectively. 

» e New instrument techniques—Afte1 

the food processors had their say, rep- 


resentatives of instrument manufac 
turers discussed some of the new tech- 


A . 
PA : 7 
> + niques available to the food industry 
al 1) nuclear magnetic resonance, 2 
+ Ca’ ultrasonic measurement, 3) gas chro- 


. matoegrs ? ) infrare v: 
SEE hens eoonee. % tan it gt iphy, 4 infrared spectroscopy; 
and 5) ionizing radiations. 


Much of what was presented was 
already known to the food instrumen- 
tation specialists. That’s why they 
concentrated on who was to pay for 


Now you can select from nine different resistance values 
and improve the accuracy and dependability of your circuit 
performance. ACESET precision, wire-wound, micro-miniature 
potentiometers offer greater stability under temperature cycling developing hardware. 
through the use of 20 ppm temperature coefficient wire. Im- Discussing ultrasonic viscosity meas- 
proved performance at lower costs have been achieved by mass urements, Dr. Wilfred Roth (Roth 
producing to standard specifications. Shipments are guaranteed 
within 24 hours of receipt of order. Call, wire or teletype Dept. 
H, at Ace Electronics Associates, Inc., 99 Dover Street, Somer- 
ville, Mass. SOmerset 6-5130. TWX SMVL 181 





Laboratory for Physical Research) 
made an interesting point. He cau- 
tioned the processors that new on- 
stream analysis instrumentation might 
produce data in terms unfamiliar to 
them—with no relation to customary 
physical properties. But it was this 
MECHANICAL SPECIFICATIONS ELECTRICAL SPECIFICATIONS kind of information that would help 
them obtain uniform quality, he ex- 
plained. However, it would be the 
food man’s job to interpret this data 
Self-contained locking device Electrical Angle: 325° nominal | in food processing terms. A big job, 





One piece precision-machined metal case Heat Dissipation: 2 waits at 60 C. 


Passivated stainless steel shaft Voltage breakdown: 1,000 VDC 


Panel anti-rotation pin Temperature coefficient of wire: 20 ppm he said, would be converting the num- 
Mechanical rotation: 330° nominal Resistance tolerance: = 10% bers indicated by the instruments to 
terms of product properties. 

eIn the wings—The meeting also 
sought to determine whether a full- 
scale meeting on food instrumentation 
was desirable. Dr. Roy Morse of 
Rutgers labeled the November meet 


ing a pilot study. It was the consen 
ELECTRONICS ASSOCIATES, INC. sus of the attendees that the pilot 
“plant” was a success, and a committee 


*TRADEMARK APPLIED FOR | was formed to plan a national meeting 


ACEPOT® ACETRIM* ACEOHM® ACESET® for next year. 





Size: /.” diameter x 44" body length Linearity: +5% 
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wen A SYOTEM ERROR OF 8 MINUTES MAX. 1s reauineo, 


two 15-4042-06 compensated resolvers can be used as a matched pair* 


All units can be varied to 
meet your exact specifica- 
tion. Write for further in- 
formation today, detailing 
MAeltoumacelttbaciee(celm 
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HIGH RELIABILITY 


DC/AC CHOPPERS 


e ADVANCED DESIGN 
e HIGH STABILITY 
e LONG-LIFE 


New and advanced designs by Collins 
Electronics Manufacturing Corporation 
now make possible a series of precision 
miniature choppers unique in reliability, 
stability of operating characteristics and 
long service life. 


This new series of choppers is manu- 
factured in S.P.D.T. types in both break- 
before-make and make-before-break 
models. Make-before-break models are 
unique in that the force developed by the 
vibrating element is exerted to hold the 
working contacts closed rather than to 
hold the non-working contacts open as in 
conventional designs. This results in firm 
contact closure, high contact pressure 
and imperviousness to disturbances 
caused by shock and vibration. 





Write today for detailed brochure listing 
all types available with applicable tech- 
nical information. 


COLLINS 


ELECTRONICS 
MANUFACTURING CORP. 


Stevensville; Maryland 
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WHAT’S NEW 





AROUND THE BUSINESS LOOP 


Silicon Prices Fall 


The reason is improved tech- 
nology and the result is greater 
output of diodes and transis- 
tors. Many companies look to 
their organizational setups. 


Ask a control engineer what silicon 
is, and he'll probably say it is a non- 
metallic element identified by the 
svmbol Si and the atomic number 
14, and that it has an atomic weight 
of 28.09. He might add that it is 
the substance out of which most com- 
puter-switching components and a 
great many missile components are 
made, that it comes in several grades, 
and that each grade has its own elec- 
trical characteristics. Finally, he might 
go a little deeper into the applications, 
and mention such things as transistors 
and diodes. 

But there is a good possibility that 

he will elect not to touch on the 
subject of price, and this not because 
of an unfamiliarity with current 
trends. (If he’s been in the control 
field long enough he’s bound to know 
what the market is.) Chances are 
he'll steer clear for just the opposite 
reason: he'll know too much about 
this phase of what was once the cau- 
tious old Milquetoast of any semi- 
conductor sales package to want to 
commit himself. For today, months 
after its initial breakthrough, silicon 
is still turning cartwheels in a bid 
for a more up-to-date price level. 
* TI a pioncer—One of the first com- 
panies to cut its silicon prices was 
Texas Instruments, Inc., the big semi- 
conductor maker in Dallas, which early 
in October announced that its silicon 
transistors would be sold ‘or 22 per- 
cent less, and its silicon glass diodes 
for 35 percent less. Barely a month 
later, TI reduced prices 20 to 25 per- 
cent on all grades of its semiconduc- 
tor-grade silicon material, with the 
result that its standard grade was 
marked down to $240/lb, premium 
grade to $400/Ib, and research grade 
to $750/lb. 

The research grade, which TI calls 
“the industry’s highest purity basic 
raw material”, is used primarily in 
semiconductor developmental work. 
Premium is found in hf transistors, 
high-voltage rectifiers and diodes, in- 
frared irdomes, and other compounds, 


and standard in small-signal transis 
tors, low-voltage rectifiers and diodes, 
and solar converters. 

*Philco, too—A price slash in silicon 
transistors, by Philco Corp., ran par 
allel with TI’s move. Philco called 
its reduction, which went as far as 60 
percent, “the most important tran- 
sistor price break in its history”. On 
Nov. 1, its general-purpose transistor, 
formerly a $35 item, started going for 
$21 in lots of up to 24 and for $14 
in quantities of 1,000 or more. In 
termediate prices were $16.80 for up 
to 99 and $15.40 for up to 999. At 
the same time Philco’s $40 high-speed 
switching silicon transistor began to 
sell for $26.55 in lots of up to 24, 
and $17.70 for 1,000 or more. Prices 
for other quantities were changed to 
$21.25 for up to 99, and $19.50 for 
up to 999. 

Pacific Semiconductors also got on 

the wagon with a “major break” in 
silicon diodes for missiles and com- 
puters. One of its items, a “hard-to- 
manufacture” silicon diffusion com- 
puter diode for high-speed switching 
(*> of a millionth of a second), was 
reduced in price from $8 to $4.80, 
and another one, an 
of miniature silicon rectifier, went 
from $8 to $4. Altogether, Pacific 
Semiconductors cut the prices of about 
50 silicon and germanium diodes, and 
silicon rectifiers. The biggest reduc 
tions were reflected in prices of the 
more complex types. 
* Easy to answer—Why the trend to 
ward lower prices for this material? 
In a few words it is “improved tech 
nology”. In several more, it is, ac- 
cording to Warren B. Hayes, manager 
of operation for Pacific Semiconduc 
tors, “gains in efficiency associated 
with expanding volume”. And in just 
slightly more, it is, according to Philco, 
“the fact that many military and com- 
mercial high temperature transistor 
applications, formerly held back by 
cost considerations, are now economi 
cally feasible’’. 

A little thought given to what these 
price reductions will demand in the 
way of increased output, on the part 
of the companies that initiated them, 
helps to explain some recent internal 
developments by major semiconductor 
makers. It becomes a matter of no 
surprise, for example, that Pacific 
Semiconductors has made a change in 
its semiconductor research program, 
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—65° C to 4125° C. 


.50 Gs for 11 milliseconds. 


5-75 cps at maximum excursion of %-inch, 
75-2000 cps at 20 Gs acceleration. 


. Sea level—1000 volts rms between terminals 


and frame, and between adjacent circuits; 
750 volts rms between contacts of a set. At 
80,000 ft., 350 volts rms, 

1000 megohms minimum at 125° C. 

Coils up to 10,000 ohms available for a wide 
range of voltages or currents. 


.250 milliwatts. 
..3.5 milliseconds nominal. 


1.5 milliseconds nominal. 


.2 pdt (2 form C). 


3 amps resistive at 28 volts d-c or 115 volts 
a-c; also for low-level applications. 


.0.050 ohm maximum. 
. 500,000 operations minimum at 2 amps; 


100,000 operations Minimum at 3 amps. 


...Hermetically sealed, filled with dry nitrogen 


at 1 atmosphere pressure. 


. All popular mounting arrangements available. 


Printed circuit; solder; plug-in (matching 
socket available). Variations of printed-circuit 
terminal length on 1/10-inch grid spacing 
available. 

17 grams. 

MIL-R-25018; MIL-R-5ST67C, except as to con+ 
tact overload. 
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Smaller 
thana 
postage 
stamp!=. = 


except in thickness, of course 


This new hermetically sealed relay—no bigger than 
a postage stamp—is Clare’s response to the insistent 
demand of the military and of industry for a smaller 
and lighter relay stalwart enough to withstand ex- 
tremes of temperature, heavy shock, and severe vi- 
bration, yet fast and more than moderately sensitive. 


Without any assertions of superior design, materials 
or workmanship, the factual specifications at the left 
tell how closely this relay is geared to the needs of 
today’s advanced circuit designers. Important to 
many engineers will be the fact that the contacts 
rated at 3 amperes 
level circuit applications. Designers of printed-circuit 
layouts will note that the terminal arra1 
nicely suited to 1/10-inch grid spacing 
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nor that Epsco, Inc., maker of mag 
netic shift registers, computer logic 
elements, and precision delay lines 
has revamped its Components Div 
*Changes at Hoffman—Nor is it any 
wonder that quite a few companies 
have shifted their orgam 

ups to accommodate ex 
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for timing devices 


If you’re looking for a complete product line that includes 
Timing Devices for every application requirement and, 
in addition, features the highest quality and most 
advanced design at the lowest possible cost, HAYDON 
has it! And all Haydon timing devices incorporate the 
famous Haydon hysteresis and/or inductor timing motors 
available for 50, 60, and 400 cycle and DC power supplies. 


If you’re looking for a complete service to meet all your 
timing needs, HAY DON offers fully integrated engineering 
and manufacturing facilities ready to take your timing 
projects right through from design and development 
to finished product! 
And if you’re looking for a complete Field Engineering 
Service to make all these facilities conveniently available, 
you'll find there’s a HAYDON Timing Specialist in 
your area, a man fully qualified by training and experience 
to help fill your Timing Device needs. Why not phone him Jerome Fishel, to vice-president of the 
today and make an appointment to discuss your requirements? new Marketing Dis 
-Big enthusiasm—Audi Devices, 
*Trademark Reg. U.S. Patent Office Inc., a major producer f magnetic 
tape, has also jumped aboard with a 


new Manufacturing Div. for t 


M RPORATION ‘ 
ee Gen eee Cone . templated production of silicon rec- 
is alre 


omeeen 2 on ace een | 
tiers. Trial production h ad 
begun in a new plant in Santa Ana, 


HEADQUARTERS FOR ° 
HAYDON Manufacturing Company, Inc. 
TIMING 2325 ELM STREET, TORRINGTON, CONN. aie 6 


Jerome Fishel Rudolph Sachs 


diffused based transistors. To handle 
the new work, GTC has made some 
significant changes in its personnel, 
two of the most important being the 
appointments of Rudolph Sachs to 


vice-president of the Diode Div., and 


he con- 
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FORD INSTRUMENT 
COMPUTER SYSTEMS 


@ For Weapons Control 
e For Processing of Data 
FiCo paalanaiy end sind he 


guidance for the Redstone Missile. © For Special Purpose Computer 
U.S. Army Photo and Control Applications 


Ford Instrument Company develops and produces the most mod- 
ern of special purpose computer and control syste: 
airborne, sh‘pborne, land-based, and nuclear a 
government and industry. 


ns—tor missile, 


pplications —for 


FICo is one of the foremost organizations in the United States 
working in the field of automatic control. Hundreds of 


t engineers 
ane : and extended precision mass production facilities enable FICo 
FiCo navigational equipment goes 

into a wide range of aircraft. 


to handle complete systems contracts from start t 
U.S. Air Force Photo 


ae 
to finish. 
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FICo controls are used in the atomic 
submarine program. FICo is also 
working toward development of the 
closed-cycle gas-cooled reactor. 


FICo research and design led to im- 
proved safety and arming device 


readily developed and pro 
for Army atomic cannon. 


juced—using 
modular techniques—for special purpose 
U.S. Army Phofo applications. 

U.S. Navy Photo 


4 FiCo launching and control order computers 
ore used for Navy A-A missiles.—U.S. Navy Photo 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 


31-10 Thomson Ave., Long Island City 1, N. Y 
Beverly Hills, Cal. . Dayton, Ohio 
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231 R 


Symbol of the greatest advance in analog computing 
techniques—— announcing PACE Analog Computer 
Console 231 R. This console incorporates new and 
exclusive features that enable it to set new standards 
in the art of analog computing for speed, precision, 
and reliability. For full information, write for bulle- 


tin number CG-116, Electronic Associates, Inc., Long 
Branch, N. J. 
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INDUSTRY’S PULSE 


Revolution in the Shop: 


Numerical Control Takes Over 


To the man in the shop it’s a revolution. Machines controlled 
by magnetic tape, punched paper (or plastic) tape, or punched 
cards! Numerical control has moved from a laboratory curiosity 
toa production workhorse. ‘The move, up to now, has been 
primarily in the aircraft and missile industries, where application 
has been spurred by the U.S. Air Force’s Air Materiel Com- 
mand. But a variety of other industries can see potential 
applications too—and on equipments besides machine tools. 


‘T'wo main types of numerical control have evolved. In con- 
tinuous contouring, the machine is fed instructions to follow a 
continuous path; in the other, point-to-point positioning, input 
data tells the tool to move from point to point (page 67). 

Machine tools with point-to-point control have apparently 
won their spurs. Manufacturers have already written several 
hundred orders for such tools; many have been delivered and 

1 few have been working for several vears. 


Because aircraft companies have garnered a lot of operating 
experience with numerical control, a look at how they use such 
machines furnishes a tipoff to other industrial applications. Just 
recently, the Aircraft Industries Association (AIA) completed 
a survey of its members, asking them what point-to-point posi- 
tioning ‘machine tools with numerical control they had, and what 
tools they planned to buy in the next 24 months. The 18 com- 
panies responding reported: 


On Hand To be Purchased 





Riveting machines Jig borers 

Jig borers Turret drills 

Welding machines Positioning tables 

Turret drills Welding machines 

Single spindle drill Riveters... 

Rotary tables Single spindle drills 

- Punch presses 

Lathes 
Miscellaneous 


WNHNH WWW RAO 
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‘These results, from just one industry, indicate a bright future 


for point-to-point systems. But not so optimistic are predic 
tions about continuous contouring controls. 


Practically all the purchases to- date have been made by AMC, 


Point-to-point 
vs. 
continuous 
contouring 


Aircraft 
users 


JANUARY 
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OPERATIONAL 


AMPLIFIER STABILIZED 


BY AIRPAX CHOPPER 


Wide-Band: Directly Coupled Amplifier 


| such as operational amplifiers in 
large-scale analog computers and controllers 
and in wide-band instruments like oscilloscopes 
require 
wide-band (rapid) response, 
highly stable null, and 
low zero offset. 
These characteristics are achieved by using Airpax Type 175 
choppers in amplifiers built by George A. Philbrick Researches, 
Inc., Boston 10, Massachusetts. 

A conventional operational amplifier provides wide-band 
response. A chopper stabilizing amplifier connected in tandem 
with this amplifier counteracts any tendency for the null to 
drift from zero. Selected or matched components are unnecessary 
in the stabilizing amplifier; with the mechanical modulator, 
no manual null adjustment is necessary. When stabilized 
in this manner, the drift of the operational amplifier is typically 
less than 100 microvolts. Airpax Products Co., Cambridge 
Division, Jacktown Road, Cambridge, Maryland. 
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CHARACTERISTICS 
OF TYPE 175 CHOPPER 


Airpax 60-CPS chopper Type 175 is a miniature 
unit with permanently adjusted SPDT BBM contacts 


DRIVE 


Frequency ~~. + Baeers 
Voltage ... .6.3 +0.6 RMS volts 


CONTACTS 


Dwell Time 167 +10 electrical deg. 
Balance ... ......Within 15 electrical deg. 
Phase Angie . .. 20 +5 electrical deg. 
Voltage .. . up te 100 DC volts 
Current . up to 2 MA 

Noise . ... 90 microvolts average 


Hermetically sealed for trouble-free operation 

in any atmosphere; internal mechanism 

rigidly mounted to withstand shock and 
vibration encountered in portable and laboratory 
equipment. 





which got interested in continuous contouring when supersonic 
plane designs started taxing shop production techniques. ‘These 
new designs could be made with templates, but it was a slow 
process. What worried Air Force planners was how their con- 
tractors could shift to volume production in an emergency. As 
an answer, AMC turned to numerical control, encouraging 
machine tool builders to develop continuous contouring systems. 


Since that first decision, defense economics have forced 
cutbacks and stretchouts of AMC’s original procurement 
program. Here's how it shapes up now. 


Profile mills: 76 single spindle, 3-axis 


5 single spindle, 5-axis Skin mills: 24 





81 profile mills* 


* Plus a specially designed Kearney & Trecker mill with Bendix control 


AMC has divided its 105 machine purchases among four 
control systems; deliveries have been extended to mid-1959. 

Probably the main reason for the lack of current enthusiasm 
for continuous contouring is the high cost. A milling machine 
with such a control system, for example, can cost as much as 
$400,000, with the controls representing almost half. A point- 
to-point control system can be had for as little as $10,000. 


But that won't be a permanent bar to use of contour control, 

most experts predict. It will just delay acceptance. They say, 

“When shops can’t do things more economically any other way, 
they Il be glad to look at contin numerical control.” 

c ertainh one big potential application for this type is auto- 
matic inspection. Some parts now require only a few hours to 
machine, but take 15 to 20 hours to inspect. Numerical control 
inspection could make substantial savings here. 


But before there’s widespread acceptance of continuous con- 
touring numerical control, its high cost must come down. Also, 
reliability must be improved, and facilities made available to 
process blueprints into machine inputs. 

William W. Webster, AMC project officer for numerical 
control since 1951, has an answer for that last one. It’s the 
establishment of central computing facilities in strategic loca- 
tions by computer manufacturers or operators. ‘The machine 
tool user would bring his blueprints to the center and trade them 
for the necessary input medium to his numerically controlled 
machine. As least two major computer manufacturers are now 
seriously studying such a proposal. 
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one if by land . . . two if by sea 


Today, Paul Revere’s parallel coding 

in the hands of advanced Decker 

scientists and engineers 

has become a usable method 

for transmitting data at high speeds 

across many miles 

by modulating light at the video frequencies. 
And it may well be the 

ideal aircraft collision warning device. 
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Incomplete Common De 


Sometime in 1960 a 20-story slab-shaped tower is expected to rise on the 
United Nations Plaza between 47th and 48th streets in New York City. ‘To 
be named the United Engineering Center, it will house the headquarters of 
16 national engineering societies (total membership: just over one-quarter 
of a million engineers). The five founder and 11 associate societies have 
many common interests and activities that the center will draw together 
functionally and physically. Among them are: 
* establishing standards of practice and terminology ( American Standards 
Association ) 
. contributing to the professional status of engineers ( Engineers’ Council 
for Professional Development ) 
* collecting and disseminating fundamental and applied engineering 
knowledge (Engineering Index and Engineering Societies Library 

But from the control engineer's point of view, the center will be incom- 
plete as a common denominator. Four societies — ASME, AIEE, AIChE 
and American Rocket Society — which serve the control engineer with pro 
fessional groups and technical meetings, will operate from the center, but 
two others — IRE and ISA — will not. IRE already owns valuable real estate 
that furnishes adequate space. ISA, the society functionally organized to 
serve measurement and control people in all industries, will remain in Pitts- 
burgh. A tremendous opportunity has been missed for bringing together all 
the engineering branches which converge in the control field 

Nevertheless, the erection of the United Engineering Center merits 
your full support because of the basic professional functions that it will cen 
tralize. Right away the 16 societies will start raising a total of $3 million from 
their members toward the $10 million cost of the building. We urge your 
participation. 
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CHOOSE FROM 


With -/p- signal generators, frequencies 
are directly set and read on one dial. 
Output voltage is directly set and read. 
No calibration charts are required. Most 
-hp- generators offer internal pulse, 

FM or square wave modulation ; some 
include external pulsing and FM’ ing. 
New -/p- 626A (10 to 15.5 KMC) and 
628A (15 to 21 KMC) offer 10 mw 
output, SWR 1.2. 


-hp- signal generators outsell other 
signal sources by approximately 2:1. 
Engineers report the reasons are simpler 
operation, versatility, trouble-free 


performance, and exceptional value. 


Your -hp- field engineer has complete data on all -hp- generators. Or, write direct. 





Instrument 


Frequency Range 


Characteristics 


Price 








-hp- 


608C 


10 to 480 MC 


Output 0.1 uv to 1 v into 50 ohm load 
CW, pulse or AM mod. Direct calibration. 


$ 950.00 





-hp- 


608D 


10 to 420 MC 


Output 0.1 uv to 0.5 v into 50 ohm load. 
CW, pulse or AM mod. Direct calibration 
and crystal calibrator check 


1,050.00 





-hp- 


612A 


450 to 1,230 MC 


Output 0.1 uv to 0.5 v into 50 ohm load 
Pulse, CW or amplitude modulation to 5 MC 
Direct calibration. 


1,200.00 





-hp- 


614A 


800 to 2,100 MC 


Output 0.1 uv to 0.223 v into 50 ohm load 


Pulse, CW or FM modulation. Direct calibration. 


1,950.00 





-hp- 


616A 


1,800 to 4,000 MC 


Output 0.1 pv to 0.223 v into 50 ohm load 
Pulse, CW or FM modulation. Direct calibration 


1,950.00 





-hp- 


618B 


3,800 to 7,600 MC 


Output 0.1 uv to 0.223 v into 50 ohm load 
Pulse, CW, FM or square wave modulation 
Direct calibration. 


2,250.00 





- 620A 


7,000 to 11,000 MC 


Output 0.1 uv to 0.223 v into 50 ohm load 
Pulse, CW, FM or square wave modulation. 
Direct calibration. 


2,250.00 





- 6238 


5,925 to 6,575 MC; 
6,575 to 7,175 MC; 
7,175 to 7,725 MC 


Output 70 xv to 0.223 v into 50 ohm load. 
M or square wave modulation. 
Separate power meter and wave meter section 


1,900.00 





- 624C 


8,500 to 10,000 MC 


Output 3.0 uv to 0.223 v into 50 ohm load 
Pulse, FM or square wave modulation. 
Separate power meter and wave meter section. 


2,265.00 





10,000 to 15,500 MC 


Output | uuwatt to 10 mw. Internal or external 
pulse, FM, or square wave modulation 
Direct calibration. 


3,250.00 











15,000 to 21,000 MC 








Output 1 uuwatt to 10 mw. Internal or external 
pulse, FM, or square wave modulation 
Direct calibration. 


3,000.00 
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Numerically-Controlled 
Point-to-Point 
Positioning Systems 


PART 1] 


JOHN D. COONEY and BYRON kK. LEDGERWOOD, Control Engineering 


> 


Culminating months of research effort, this staff-written report brings to Conrrot ENGINEER 
1NG’s readers the first comprehensive description of all known domestic and foreign numerically 
controlled point-to-point positioning systems for use on jig borers, drill presses, punch presses, 
etc. ‘l'welve of the 31 systems are covered here; the rest will be described in succeeding issues 
Don't pass this up just because you're not interested in machine tool control — the techniques 
of flexible program control can help solve many other problems. Note what this article contains 
for: 


MACHINE TOOL CONTROL ENGINEERS 


Machine tool control systems engineers in both machine builder and user companies will find 
sufficient information on these systems’ performance and operational characteristics to permit 
one to be specified and intelligently integrated with their tool into an overall machining system 
Data includes cost, equipment furnished, accuracy, table travel, positioning speed, etc., and d« 
tailed descriptions of internal system operation. 


CONTROL SYSTEM DESIGNERS 


To control designers who look at the material from a different angle, every system must con 
tain equipment for performing certain basic functions (for example: data input, data process 
ing, analog-to-digital conversion, position measurement, actuation, etc). ‘These basic techniques 
are described as fully as the systems they're used in. Glance through the position measuring 
methods, for instance, and see if you can’t find an idea that would be useful in other control 
system design problems. 


PROCESS CONTROL ENGINEERS 


Although these systems all apply to machine tools, the problem they solve is a general one 
Nothing indicates this better than a partial list of applications: the programmed setup of roll 
ing mill equipment, presetting valve positions in flow processes, automatic checkout and in 
spection systems, automatic electronic assembly, programmed tacking in furniture upholstering 
The variety is only limited by the imagination of the control system engineer. 
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A Quick Look 
at the Basics 


Ihe broad new technology described variously as 
recorded-information control or numerical control 
began in earnest about 10 years ago. The need for it 
was a natural by-product of more complex machines 
and the demand for more automaticity in machines 
of all levels of complexity. The renowned mechanical 
cam no longer offered sufficient memory capacity for 
the control of multiple operations over long duty 
cycles. Even the higher-order approaches to machine 
programming, using principally cycle timers and end- 
point (limit switch) control, were nearing the limits 
of practicality. And complex setup operations by 
skilled machinists, often involving expensive jigs, 
fixtures, and templates, had to be changed from job to 
job. It was in this climate that designers began to 
look with interest to the punched tape, the punched 
card and the magnetic tape as components for control. 

I'he numerical control of machine motions (such 
as those of a tool, a worktable, a test probe, or an 
assembly fixture) is divided into two categories: con- 
touring and point-to-point positioning. In contouring, 
the path taken by the machine member as it moves 
from place to place is vitally important. For this rea- 
son, a contouring control is referred to as “continu 
ous” and involves complex, expensive equipment. In 
point-to-point positioning, on the other hand, only 
the destination is critical—the path taken between 
origin and set-point is of no consequence. It is the 
latter application of numerical control that is the 
subject of this report. 

Ihe current rash of activity in point-to-point con- 
trols stems first from the fact that they are eco- 
nomically within reason, and second from the very 
nature of the machine motions encountered in metal- 
working and other industries. The vast majority of 
these are intermittent, involving work-cycles consisting 
of a series of steps. What happens between steps is 
unrelated to the final result. Hence, point-to-point 
positioning is potentially a much larger field for num- 
erical control than contouring. 

This survey offers ample proof that point-to-point 
positioning control is both a practical reality today 
and a field for great exploitation in the future. At 
present more than 30 systems have been perfected 
for point-to-point positioning, a tribute to one of the 
most intensive periods of invention in the history of 
industrial control. One direct result of this concen- 
trated effort is that there is available already sufficient 
data to permit equipment users and designers alike 
to make intelligent appraisal of the benefits offered by 
numerical controls. Additionally, as the descriptions to 
follow will show, the developments have collectively 
brought to light many ingenious circuits and com- 
ponents on which the designer can draw for a variety 
of problems—some of them possibly far outside the 
realm of numerical control. 


Basic system 
Numerical control begins with a command—to 


move a machine member to a new location; to start 
or stop some machine operation, such as the flow of 
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coolant; to select a speed, such as that of the cutter 
motor; to light an indicator lamp; etc. All such com 
mands can be expressed as numbers chosen from a 
code established for the purpose—hence, the term 
“numerical control”. These command numbers are 
stored on the medium (punched paper tape, for exam- 
ple) and read into the control system when a ma 
chine operation is to be initiated. 

In addition to input media, numerically controlled 
equipment requires a number of feedback devices to 
inform the control when the command has been ac 
complished. Of these feedback devices, the most im 
portant is the measuring system. This must furnish 
data on the exact location of the machine member 
along its axis of movement. 

A third major element is the logic circuitry, which 
first converts both input signals and feedback data 
into some common language so that they may be com 
pared directly, then makes the comparison, resolving 
any error between input and feedback into signals fot 
starting, stopping and adjusting the speed of the 
drive motors; for regulating the auxiliary functions; 
and for advancing the tape preparatory to the next 
step in the cycle. 

All of the systems covered here vary widely in 
their devices for each of the four major blocks: input, 
measurement, comparison and positioning servos. ‘The 
selection of a numerical control system should in 
clude some evaluation of each of the major sections, 
because any one of them can affect operation of the 
control in the long term. This study shows too, that 
there is no one perfect system for all applications 


Storage codes and media 


The storage codes appearing most frequently in 
the survey of systems are decimal and binary-coded 
decimal. The pure binary code is a poor third in 
popularity. The choice of code is always 
on compromise, since each code has certain advan 
tages and limitations. From the standpoint of record 
preparation, the conventional decimal system is best 
since it is the natural language of the operator. The 
binary-coded decimal (or 8-4-2-1) code rates next, 
because enough familiarity with it for on-sight de 
ciphering is gained quickly. Furthermore, it is eas\ 
to mechanize conversion from decimal to binary 
coded-decimal. The Flexowriter is typical of com 
mercial tape-preparation equipment available with 
decimal keyboards to produce binary-coded-decimal 
tape. The pure binary code and a variation of it, 
the Gray code, are almost impossible to decipher 
visually. Conversion tables or desk-type calculators 
are needed to translate blueprint information in such 
codes into numerical records. 

An extremely vital factor in choosing a_ storage 
code is economy of design. A number is stored 
in a field consisting of a group of hole positions 
It is axiomatic that a certain amount of “hardware” 
(feeler switches, buffer-storage relays, stepping-switch 
contacts, wire, etc.) is required for each hole posi 
tion. This is a strong incentive for choosing a code 
requiring fields of minimum area. For example, the 
range from 0 to 32,767 entails only 15 hole locations 
under the binary system; 18 for binary-coded decimal; 
and 43 for conventional decimal. 

It is advisable to consider also the code employed 
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CHECKLIST 


OF SYSTEM CHARACTERISTICS~! 





MANUFACTURER 


EQUIPMENT 
FURNISHED 


ACCURACY 


AVERAGE 
POSITIONING 
TIME OR SPEED 
BETWEEN POINTS 





HILLYER INSTRUMENT CO., 
331 Centennial Ave. 
Cranford, N.J. 


INC 


FOSDICK MACHINE TOOL CO 
Cincinnati 23, Ohio 


PRATT & WHITNEY CO., INC 
Charter Oak Blvd 
West Hartford 1, Conn 


THE BRITISH 
THOMPSON-HOUSTON CO., LTD. 
Rugby, England 


ARTER GRINDING MACHINE CO 
15 Sagamore Road 
Worcester, Mass 


TELLER CO 
Butler, Pa. 


Complete 
two-axis control 


0.0005 in 
accuracy and 
0.0002 in 
repeatability 
are standard 
0.0001 in 
accuracy on 
special order 


100 in. per min 





jig borer 

cost about $44,000 
plus controls for 
two-axis positioning, 
spindle feeds and 
speeds, spindle feed 
depth, spindle head 
height and automatic 
tool changer 


0.0001 in 


15-20 sec 
144 in. per min 
rapid traverse 
for table 
72 in. per min 


for saddle 





$60,000 


Between 
$15,400 
and 
$22,000 


No. 2E jig borer 
complete with 
22x36 in. table and 
two-axis contro 


Complete control 
system for a 2-3-in 
boring machine 
Includes Card reader, 
control desk, 
measuring bars 
detectors, feed motors 
electronic controls 

n enciosure 

Table complete 

with controls 





$13,000 


20,000 


Complete two-axis 
semi-automatic 

dial input) system; 
Record-playback 
two-axis system with 
punched-tape equip- 
ment at machine 
Complete two-axis 
system with equipment 
for remote program- 
ming but with readout 
only at machine 
Record-playback with 
remote programmer 
combines capabilities 
of latter two systems 


0.0001 


From + 

1001 in 

¢ 

0.0003 in 
depending on 
machine tc 





KEARFOTT CO., INC. 
1378 Main Ave 
Clifton, N.J. 
(Experimental system) 





FARRAND CONTROLS, INC. 
Sronx Blvd. & 238th St. 
New York 70, N.Y. 


Model consists of 
9-x-9-in. positioning 
table complete 
with controls 

and power servos 





$5,000 to 
$15,000 
per axis 
depending 
on length 
of axis and 
number of 
accessories 


Input devices, 
complete control, 
power servos 


0.0002 in 
ner ft 
Pp t 

2 sec in 


360 deg 


of travel; 


100 in. per min 





GENERAL ELECTRIC CO. 
Specialty Control Dept. 
Waynesboro, Va. 


no. 9 


MULLARD, LTD. (in conjunction with 
Coventry Gauge & Tool Co., Ltd.) 





no. 10 


$10,000 


Complete two-axis 
contro! system, 
including reader, 
feedback transducers, 
operator’s control 
station, power servo, 
plus all needed 
electronic and 
magnetic accessories 
n NEMA-1 enclosure 


0.0005 in.; 
2 sec 


60 in 
at + 0.0005 
nN. accuracy 
higher speeds 
available but 
with some 
sacrifice of 
accuracy 


per min 





$12,000- 
$15,000 
estimated 


Complete 
two-axis control 


0.0001 in, 





MULLARD, LTD. 
Torrington Place 
London, England 


no. 11 


Complete machine 
with automatic 
center punch 

and 1%4-in. drill 
attachment 





V. L. SCHWARTZKOPFF (Germany) 
Marac Machinery Corp. 
45 S. Broadway 


Yonkers, N.Y. no. 12 





$65,000 


Jig borer with 
complete two-axis 
positioning system, 
control console 
and card reader 
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in the control logic 
conversion 


within the 


If this differs from the storage 
matrices must appear 
internal circuitry. 

Many of the manufacturers of numerical control 

stems offer a variety of input and storage media. 
Selector switches, telephone dials, IBM or Reming- 
ton-Rand cards, standard 1-in.-wide punched tape, 
magnetic tape, and several special cards and _ tapes 
will be seen in the tables accompanying these articles. 
Ihe machine designer or user may find, for example, 
that the compatibility factor prompts the use of IBM 
cards, which are easy to prepare but involve equipment 
that is comparatively high in cost. Several simple and 
economical tape systems of special design then sug- 


code, somewhere 


gest themselves. These operate with high efficiency 
and reliability, but are handicapped for certain appli 
cations by the lack of tape-preparation 
equipment. When a user must program for a large 
variety of short runs, the high tape-preparation speed 
offered by keyboard-type tape punches may be a 
major factor. Some systems, however, require that the 
input storage medium be prepared by actually moving 
the table through the specified sequence of operations. 


automatic 


Ihis can be a disadvantage, since it is slow and ties up 
valuable machine time making tape. ‘The standard 1-in 
tape system employs equipment of medium cost 
md features compatibility and ease of preparation 


\leasuring systems 


Perhaps the most critical part of the numerical 
control of point-to-point positioning is the means 
cmployed for determinings the location of the ma- 
chine member along its axis. The majority of meas- 


uring systems may be described as absolute, 


since 
they provide a continuous indication of axis position, 
even when movement is stopped. Incremental sys- 
tems ilso used with success, although they pro- 
vide position signals only during movement, and 
increments that are lost through malfunction cannot 
be corrected for except by the accidental compensa 
tion of an equal but opposite error. These devices 
measure the distance from the last poimt, not from 
the origin. Both measuring systems will be described 
in detail in later sections. 


iT¢ 


Some of the most important operating characteris 
tics of a numerical control system are directly related 
to the choice of measuring system. One of the first 
is resolution, which is defined as the smallest incre 
ment of length that can be recognized as a discrete 
position by the measuring system. Another is accuracy 

expressed as a band of distances on either side of a 
desired position within which the moving member 
will stop after it has been dispatched to that position. 
I'he third factor is repeatability—which designates the 
accuracy which can be expected when the machine 
member is directed repeatedly to one specific location 
along the axis. Sometimes a fourth characteristic, 
sensitivity, is given. This is a measure of the ability of 
a machine member to stay “on target” after having 
been positioned, and is expressed as the largest dis 
tance that the slide can be shifted (by some external 
source) from set-point before corrective action. 

lo illustrate, consider a system with a resolution of 
0.001 in., an accuracy of plus or minus 0.0005 in., 


Copies of this report are available 
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id a repeatability of plus or minus 0.0002 in. This 
means that the system can seek out any desired dis 
tance that is some multiple of 0.001 in. (say 19.242 
in.). After positioning, the machine member will be 
stopped somewhere within 0.0005 in. on either side 
of the desired set-point (say 19.2418 in.). On repeated 
settings to 19.242 in., the machine will consistently 
stop within the band from 19.2416 to 19.2420 in. 
Note that repeatability is better than accuracy. ‘This 
is because the mechanical factors (backlash, stickiness, 
ctc.) that cause the inaccuracy at a given point are 
substantially constant a period of time, and, 
when a member is moved repeatedly to a given loca 
tion, it will stop quite close to where it did before. 

In addition to determining performance character 
istics of the entire system, the measuring element also 
has considerable effect on the complexity of logical 
circuitry needed. In one unit, for example, the meas 
uring system employs a binary-coded disc. Since the 
output of this disc can be compared directly with 
the binary code on the tape, the comparator circuitry 
is rather simple. In contrast, one of the finest systems 
from an accuracy standpoint incorporates resolver type 
units. The logical circuitry is elaborate and includes 
decoding matrices and stepping switch-transformet 
arrays for generating the sine-cosine functions required 
by the feedback resolvers. 


OvCcI 


Positioning speeds 


\s with input devices, so with servos for driving the 
machine members: the user of numerical control is 
faced with selecting from an extremely array. 
Ihe drive chosen depends, of course, on the load and 
the positioning speed wanted. Almost all of the 
positioning systems described can be adapted to feed 
into any type or rating of drive. A review reveals that 
the many types of drives include: adjustable speed dc 
motors fed by electronic or rotating amplifiers, ac 
motors with gear shifts and clutch control, and hy 
draulic cvlinders regulated from servo valves. 

When giving the positioning-speed capabilities of 
his numerical control system, the designer is careful 
to point out its dependence on the servo drive. Given 
imple driving rating, several of the systems can con 
trol machine positioning at speeds up to 150 ft per 
min. Other systems have speed limits below these, 
usually because of the nature of the measuring system 
or the comparison circuitry. 

It must be noted that high-speed positioning is 
ordinarily achieved with some sacrifice in 
If accuracy is to be maintained, it is necessary to 
include circuits for programmed slowdown as set 
point is approached. Some systems have computer 
circuitry to set up a program of slowdown as deter 
mined by the traverse speed selected. It is quite pos 
sible that if high accuracy is required, the drawn-out 
deceleration cycle needed may more than cancel any 
time savings to be gained from high traverse speeds 
Positioning speed may not always be important, of 
course. For example, if the machining operation takes 
20 min, it is immaterial whether the system positions 
in 5 sec or 15 sec; accuracy is the important factor. 

Acknowledgement: The authors would like to thank 
the companies and individuals who cooperated so 
wholeheartedly in supplying the information presented 
in these articles. 
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HILLYER INSTRUMENT Co., INC. 


Although originally designed for this company’s 
numerically controlled drilling machine (price $15,780), 
Figure 1.1, the Hillyer system is now available to other 
equipment manufacturers as a package for conversion 
of existing machines or assembly into new machines. 
Cost of a two-coordinate control is approximately 
$6,000. The system may be classified as medium resolu 
tion (0.001 in. +0.0005 is stand- 
ard with +0.0001 available on special ordet 

The storage medium is a special 4-in. tape of paper or 
vinyl, visible in Figure 1.2, supplied in 100-ft or 1,000-ft 
rolls. Position information, in straight decimal form, is 
arranged in blocks of 10 rows of 14 columns. 

One of the features of this control is the use of in 
dustrial-type relays throughout the logic section. ‘The 
basically simple design requires neither electronic nor 
stepping-switch circuitry. ‘he feedback measuring sys 
tem for one axis is contained in a unitized assembly suit 
able for mounting directly on the leadscrew of a ma 
chine tool. In cases where the table is driven by othet 
means, such as a hydraulic cylinder, the unit is equipped 
with its own precision leadscrew. The measuring system 
includes three or more decimal-coded printed-circuit 
counter discs. Brushes driven by the leadscrew ride 
against the surface of these discs and bring out a digital 
signal that is proportional to axis position 

During rapid traverse, the brushes associated with 
the two least-significant digits are rotating at high speed 
For example, the brush mechanism for thousandths of 


and high accuracy 


an inch spins 10 times for each inch 
ment. Since at such speeds brush wea 
solenoids must lift the brushes of th« 
whenever the position error is large 


System operation 
\ block diagram of the positioning system is given in 
igure 1.3. At the start of a positioning cycle, a block of 
holes is stopped under the reading head. The complet 
numerical data for both axes is read simult 
that no buffer storage is required. If a 
involved, all brushes of the analog-to-d 
ire lifted with the exception of the | 
with the two most significant digits 
Che error between tape command and 
tion actuates the main power relay. ‘Th 
thus energized to move the tabk 
the table toward set point, 
anisms connect. the 
circuits one at a 
employed, the speed 


moves 
discs 
time. In the 
control devic 
clutches and gearing are paralleled 
ing solenoids to achieve a programmed 
plete flexibility of speed and horsepow¢ 
with standard commercial motors and 
point, the control for each axis feed 
relay configuration. ‘Thus, only when th 


VaTLOUs 
son 


positioned along both axes is the sign 
form the machining operation and t 


coordinotes 


Stop 
other 


etc) 





f gage-rod measuring system 
ioned by 
Jials at the right 


System 


IBM-FOSDICK MACHINE TOOL CO. 


International Business Machines Corp. has tailored 
1 numerical control system for the jig borers (Figure 
2.2) and grinders manufactured by The Fosdick Ma- 
chine Tool Co. The system is rather extensive since it is 
lesigned to control the depth of spindle feed, and the 
pindle height, speed, feed rate, and operation of an 
iutomatic tool changer—in addition to table and saddle 
location. This control enables a machine tool to drill 
holes of various diameters and depths at any specified 
location on a 54 x 22 in. worktable. 

Decimal data is stored on IBM _ punched cards, 
which are prepared with a standard IBM key punch. 
he card reader is a Type 407 modified to permit read- 
ing the entire card at one time or serially (column by 
column). One card carries all the information needed 
for a single hole (location, diameter, depth, spindle 
feeds and speed). Buffer storage is not needed. 

Manually operated Fosdick jig borers are equipped 
vith a unique “Direct Dimension Measuring System” 
that is easily adapted to numerical control. In the 
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standard machine, dimensions from the blueprint are 
simply set on direct-reading drum dials. One set of 
dials, visible at the extreme right of Figure 2.1, is for 
longitudinal movement and a second set is for trans- 
verse movement. Each set consists of six dials which 
are coupled to a series of turrets carrying gage rods 
manufactured to Class A gage-block accuracy. There 
are nine rods, each of different length, in a single turret: 
Assuming a total axis length of 100 in., the rods in 
the first turret will measure exactly 10 in., 20 in., 
etc. In the second turret, rod lengths vary from 1 to 9 
in. in l-in. increments. Increments in the next four tut 
rets are 0.100, 0.0100, 0.0010, and 0.0001 in. 

By manipulating the dials on the drum, the op 
erator rotates each turret in its turn so that one ot 
the rods in that turret is brought into position ovet 
a trough. When all dials are set to the blueprint di 
mensions, the length of the six rods over the trough 
will add up to precisely that dimension. Now the table 
drive is started. A projection on the moving table en 


30 in., 








yunters the gage rods, sliding each turret along in 
turn until the six rods over the trough are stacked end 
to end. One end of the stacked rods then contacts a 
limit switch, stopping the table drive. The table will 
then be positioned at the desired location with an 
accuracy of plus or minus 0.0001 

[his same measuring system is employed on_ the 
numerically controlled machine. However, instead of 
being manually set, the dials are driven by motors 
ind controlled by clutches from punched-card data 


Data handling 


\ block diagram of the svstem is shown in Figure 2.3 
Ihe optional computer provides a method for auto 
matically stacking the cards in an optimum sequencc 
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In other words, the computer determines in what 
der the cards for the various holes in a_ particulat 
workpiece are to be presented to the controller. The 
purpose of optimizing the card sequence is to speed 
the machining operation by minimizing the number 
of tool changes while simultaneously keeping machine 
movements as short as possible. The computer is re 
quired because the preparation of an optimum program 
for a random array of various-size holes is a complex 
problem. It is not, for example, just a matter of group 
ing all cards calling for a particular, say 1-in., hole size 
If the l-in. holes are widely scattered, it may actually 
be faster to interrupt the drilling of 1l-in. holes from ne ee Wh 2. ag adhe 
time to time by changing tools and operating on closer timed F 
holes of other sizes 

\ major point of departure by the control from other 
numerical systems is that limit switches are the onl 
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feedback elements required with the machine drive 
This is because the analog-to-digital conversion is donc 


l 


not at the machine slides but at the gage dials. The 





feedback units associated with these dials are 10-position 
selector switches or “‘emitters”, Figure 2.4. There is onc 
emitter for each dimensional digit, but all six emitters 
for one axis of motion are driven by a single motor. The 
contacts of the emitter for any given digit are connected 
to the reading brushes for the card column assigned to 
that digit. Which contact in this emitter is “live”, 
therefore, depends on which hole is punched in the 
IBM card 

At the start of a positioning cycle, the drum motor fot 
each axis is energized. When the scanning arm of the 
tens-digit emitter reaches the live contact, a circuit is 
completed through relay AX-1, dropping out clutch 1. 
Simultaneously, normally closed contact AX-1l in the 
circuit is opened. The tens-digit drum is 
thus stopped at the desired position. 

One by one in turn, the clutches associated with the 


] 


dialing motor 





to bore a hole at one location and then re 


ter that hole with a second tool. For such operations, 
is no need to move one or both machine slides 
each card reading. Yet, it will be noted from Figure 
+ that the dialing motor starts rotating as soon as a 
ird-read” pulse is initiated. 
Both slides must back off slightly as reading is im 
tiated to permit the gage rod turrets to rotate freely. 
(hus, even if the hole position were to remain un- 


changed, the table would shift, then return to 


setting 


necessary 


] 
i 


the same 


(his unnecessary positioning is obviously undesirabl 
| g 


| yrevent it, 


1 parity check is made before the read 


ignal is given. 


lhis consists of comparing the data in 
1¢ X- and Y-axis position columns of the cards in sta 
ions 1 and 2. If they are exactly alike, relays are ener 
rized to prevent rotation of the dialing motor. Figut 
shows the parity-check circuit for 
columns 22 through 27. Throwing 
parity check contacts puts 48 volts act 


station 1: column 22 in station 2; then to 


column 23 in station 1; back to column 
23 in station 2; and so on through col 
umn 27 in station 2. If the holes in each 
column of card i match those in the 
corresponding coiumn in card 2, a circuit 


is completed to energize relay CR-§ 


\utomatic tool matrix 


An optional 
Fosdick control is the 
This is furnished in 
tion with a 30-position rotary tool s 
init or matrix. Steps in the tool 
cvcle include indexing the matrix 
position where the desired tool 
cent to the machine; shifting the 
under the spindle; automaticall, 
the selected tool; and moving thi 


feature of the IBM 


automatic to 


changing 





units digit and the four digits to the right of the decimal 
point are deenergized. As clutch 6 drops out, contact 
AX-6 open, breaking the circuit to the dialing motor 
contactor and stopping the motor. All gage rods are 
now correctly positioned in accordance with the card 
commands, 

Ihe card reader is furnished with two reading sta 
tions. One reason for including the two stations is that 
it provides a means for insuring that a group of cards 
for a given workpiece does not include—through error 

cards not related to that workpiece. This is done 
simply by comparing the hole code in the seven “Part 
No.” columns (Figure 2.6) of the cards in stations 1 and 
2. If the information on both cards is not identical, 
a relay is energized to stop the operation. At the same 
time a check is made of the data in columns 15 through 
17 to ascertain that the cards are being fed in correct 
numerical sequence 

\ common requirement in boring operations is fot 
the machining of a series of holes along a straight linc 
parallel to either the X or Y axis. Again, it may be 
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lear of the spindle 
7 c ] 
I'wo columns of the card (¢ 
10 decimal positions) are sufficient 
identifying the 


he itter 


i 


30 tools on the 

is motor driven and equipp 
ith a 30-contact emitter or commutator (Fig 

Matrix is operated directly from card data, through 

iav decoder and the emitter, to the reversing moto 

\nother feature of the system is hole depth 
Here the thickness of the workpiece and the | 
1 


the tool are variables. Hence, it is impossible t 


hole depth by spindle movement alone. The 
nvolves a detector that signals when the tool encounte! 
he work. The signals then trigger the control system 
tart measuring the depth of penetration 
[he detector incorporates a piezoelectric transducer 
that discriminates between the lower noise level and 
the higher vibration level encountered as soon as 
tool comes in contact with the work surfac 
crystal signals trigger a gate, admitting pulses from 
digitizer on the spindle to an electronic counter. On¢ 
pulse is produced for each 0.001 in. of down feed. The 
counter is preset from information in columns 39 to 42 
the card. When the pulses bring the counter up t 
preset total, the spindle is retracted and the next 
ioning operation initiated 
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the Electrolimit after the position has been established column indicates the start of a block and 
S top ping the tape in the correct position fot 

Data input hole in the last column initiates tape rewind 

Ihe tape reader handles one whak block 
Ihe information storage medium is 3-7/16-in.-wide Hence, all data for a given step in the cycle 

laminated (paper-Mylar-paper) tape. A special manually is presented to the machine controls si 

operated perforating machine is used to prepare the and there is no need for buffer storag« 

tape. Coding is conventional decimal. <A cycle of features a pneumatic sensing system. When 

machine operations is described on the tape by a series for reading, each hoie location in the tia 

of blocks of holes—one block for each step in the cycle. chamber having a neoprene diaphragi 

Kach block contains the control information needed to through the holes distends the diaphr: 1gmMs an 

shift the various machine elements to some new desired industrial-grade limit switches. Thus, hole da 

location along each axis of motion. Block length is formed into electrical signals for use 

iriable to a maximum of 38 lines of data circuits. 
\ block is subdivided into groups or fields of data, Che switches associated with the two digit 

each of which is assigned to a single machine axis. There decimal point select ap I yropriate taps on an 

may be only one field in a block, or as many as five, former, Figure 3.4, t Y produce an analog volt 

depending on the number of axes being controlled. A magnitude empentiinial to the value of these digit 

field consists of a matrix of hole locations having six analog voltage is fed to a discriminator which compares 

transverse rows (for six-digit numbers) and 12 longi- it to the voltage fed back from a helical potentiometer 

tudinal columns. The first 10 columns are assigned to geared to the table-drive leadscrew. The output of this 


the digits 0 through 9. A hole punched in the 11th discriminator is used to operate the multispeed gear boy 
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BRITISH THOMSON-HOUSTON CO., itp. 


Backed by more than one year’s operation on four 
separate machines, the BTH numerical control system 
enables positioning to the levels of precision called for 
on jig borers and horizontal boring machines. The 
storage media are special punched cards, Figure 4.1, one 
card being used for each hole location. The numerical 
data is in conventional decimal form. 

The measuring system is akin to Pratt & Whitney’s 
“Electrolimit’”. Whereas P&W employs a serrated gage, 
the BTH measuring bar is made up of a series of 
identical l-in. blocks, each with a ?-in. diameter hole 
bored through the face. Figure 4.2 shows the gage in 
place on the machine. To present a smooth surface, 
the holes are filled with brass inserts. Production 
tolerances call for the reference holes to be 1.000 + 
0.0002 in. apart. When the bar is in position on the 
machine tool, a final correction can be made by shift- 
ing an unsymmetrical steel slug in the bar. This screw- 
driver adjustment permits the effective magnetic po- 
sition of each hole to be shifted + 0.0005 in. 

The sensing head for locating the center of the blocks 
is a differential transformer, the magnetic circuit of 
which is completed by that part of the measuring 
bar adjacent to it. The construction of the head is 
symmetrical so that it is unaffected by stray magnetic 
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fields or by changes in temperature and supply voltage 
ind frequency. The gap between the magnetic head 
ind the bar is not critical. Pickup sensitivity 

that it can deliver a signal to the positioning 

with only 0.00002 in. misalignment from the mag 
center of any one of the holes in the measurit 


is such 


[he head moves along a short slide parallel 
measuring bar. The position of the head alo 
slide is determined by the value of the 
right of the decimal point in the axis dimension re- 
corded on the punched card. A servomotor shifts the 
head through a gearbox and micrometer screw, with 


three synchros for coarse and fine feedback. Since 
the leadscrew is short and is required to move only 
a few ounces of mass along a precision slide, its accuracy 
can be consistently maintained. Thus, it does not bring 
the problems encountered when full-length leadscrews 
are employed for both drive and measurement 


Data input 


Information for any one axis of motion is fed into 
the system either manually by means of six dials on the 
operator’s control panel or by a punched card reader, 


Figure 4.3. A unique design approach to be noted at this 





point is that actually all control data enters the system leadscrew drive, it would move to th 
via the six dials. When card input is used, signals from to the 12th hole as it should. Th 
the reader position the contro! dials automatically. rotating S, (through the differentia 
I'rom that point on, the system functions exactly as it equivalent to 0.9999 in. Thus, th 
would for manual input. not the electromagnetic head, will a 
Che digital signals from the card reader are con- the correct position is nearly reach 
verted into analog signals for the machine control by 
means of four synchro generators. These are mounted 
beneath the control panel and are mechanically coupled 
to the input dial. One synchro generator is assigned Figure 4.4 is a block diagram 
to the tens and units digits of the dimension number, axis of motion. An equivalent syst 
and the remaining three to the digits to the right of idditional axis. Positionin® in all 
the decimal point. When a dial is turned to a given Assuming that the required dim« 
decimal digit, the synchro behind that dial produces m the six dials, the input synchros S 
1 signal whose phase and amplitude are related to the initially misaligned with respect t 
imount of rotation. The dials and synchros are driven svnchro control transformers T;, 1 
by a single motor through 
At the start of clutches are engaged, but through servo amplifier A to m« 
drop out one by one at times determined by the num operate until the S,-T., S,-7 


System operation 


series of electric clutches. tively The decimal-dimension 


i 
} 
il 


a reading al 


shaft to achieve conformance between dial position and tromagnetic unit through the distan 
card data for each digit. Detents on the dial shafts the four digits to the right of the 


bers on the card. A decade switch is coupled to each nulled. The micrometer screw has tl 


assure positive location for each of the ten dial positions. lo produce the “whole-inches” 
It is seen in Figure 4.4 that the synchros are not I’, error is transmitted throug 
operated directly by the dials, but through differential M.. The latter operates the 
gearing. The differentials serve to add one-tenth of the the table to within about + in 
rotation of any dial to that of the shaft immediately raverse speed is maintained at 
to its left. This is Gone because the synchro control until about 1 in. from set-point, 
transformers are coupled to the micrometer screw is progressively reduced. At set-p 
through a single gear train and hence operate in a MI, is transferred to amplifer B 
fixed relationship. The same angular relationship must netic head. The control signal f1 
therefore hold for the input synchro to permit align M, until the head is centered opp 
ment of S. to T., S, to T;, etc in the measuring bar. The head 
Differential coupling is also used for the synchros During the approach to alignment 
assigned to the tens and units digit. This prevents a of the electromagnetic head, a tem 
condition of ambiguitv that could arise in certain cases is introduced into amplifier B tl 
Assume that the settings of the input dials are changed toward a false set-point about 
from, say, 12.0000 to 12.9999 in. This would cause sition. The offset signal is 
the electromagnetic head to be moved almost into exact positioning takes place. Since 
ilignment with the 13th hole on the measuring bar. ways to one side of the true 


In such a case, when the head assumed control of the is at all times from the same 
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FIG. 4.3. Control panel nas six input ¢ 
each axis. Digital-to-onalog sion is 
performed by synchro generators geared to 





Arter Jigmatic 
ng table and console 


ARTER GRINDING MACHINE Co. 


Jigmatic Model 250, available as a standard 
to the machine tool show in September 
of the first point-to-point positioning sys- 
onceived and marketed, initial development 

d in 1947. In the last two years about a 
stems have been sold to aircraft engine build- 
| builders, and miscellaneous manufac- 

ms for use on new radial drills and drill 
standard package, Figure 5.1, consists of a 

ble, programming console, and template 
manually preparing the punched tape 


uracy is plus or minus 0.001 in. in 10 in., 

ible for high-quality drill presses. Average position- 

time from hole to hole is about 11 sec, with 

lividual times varying from about 9 to 13 sec. The 

ing nature of the system means that 

little difference in positioning time regardless 

tance between holes. The tee-slotted table 

in Y) by 30-in. (in X) excursion and both 

on anti-friction rolls. The console 

, 30 in. wide, and 24 in. deep. The entire 

stem is designed for easy maintenance with plug-in 

ymponents and connectors. It uses 48 plug-in type 
lays and six tubes 


nherent sequenc 


I'he system is completely digital and completely deci 
mal, with leadscrew position fed back through five 
printed-circuit decade commutators geared 10 : 1 with 
each other. Since the positioning is absolute, the work- 
piece must be accurately located relative to the table 
0-0 position. The input tape is a special paper or Mylar 
ind rope composition, 1 in. wide with five holes. 
Figure 5.2 shows a typical tape field. The five columns 
across the tape represent the five decades from 0.001 
to 10. in., while the 10 rows making up the X or Y 
field represent the decimal digits from 0 to 9. All the 
positioning information for one hole is read at once so 
that no buffer storage is required. The stop hole locates 
the tape during punching and during reading. Since 
the 9-digit holes in the tens column can never be used 
for positioning because of table travel limitations, one 
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of these holes is used for repeat operations when 
coordinate does not change from hole to hole 

by punching ine 9. hole in the X field the table will 
remain locked at the previous X coordinate. Four extra 
contacts are available for initiating auxiliary functions 
During individual piece runs, the tape is unwound from 
the center and rewound on the outside (see Figure 5.1 
and thus does not have to be rewound for the next 
piece. It does, however, have to be transferred from 
windup capstan to unwind capstan. It can also be spliced 


to form a continuous loop for mult ple piece runs 


Actuation and feedback 


Except for the difference in leadscrew length, the X 
and Y actuator, leadscrew, and feedback 
issemblies are identical, Figure 5.3, There are two inter 
esting features in this portion of the system 
of a constant speed, unidirectional motor to gis 
different leadscrew speeds in both directions, and t 
use of a five-decade printed commutator to indicate 
coincidence between input instructions and leadscrew 
position. The printed commutator board is shown in 
Figure 5.4. 

Control switches from stage to stage (starting at 10 
and working down to 0.001) as coincidence is reached 
in each successive stage. While the first and second 
stage commutators are in control, the leadscrew is driven 
at high speed through clutch CL2 in the correct direc 
tion (forward or reverse clutch energized) to bring the 
table within the proper 10-in. zone and then within the 
proper l-in. zone. At this point, control switches to 
the third stage and the leadscrew is driven in the proper 
direction through clutch CL3. 

To prevent leadscrew-nut backlash from affecting final 
positioning accuracy, final positioning is always done 
from the same direction. This is accomplished by bias- 
ing the fourth stage 0.1 in. and the fifth stage 0.01 in., 
so that the leadscrew must always travel in the reverse 
direction when the last two stages are in control and 
either clutch CL4 or CL5 is driving. Thus if the table 
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is moving forward in stages 1, 2, and 3, it will overshoot 
ind reverse for stages 4 and 5. If traveling in the reverse 
direction initially, it will continue to travel in the same 
direction at the reduced speeds caused by the gear reduc 
tions between the last-stage clutches and the screw. 

I'he brushes for the first three stages are permanently 
geared to the leadscrew and wipe the commutator seg 
ments continually. But the brushes for the fourth and 
fifth stages must be disconnected during early-stage posi- 
tioning and clutched in at the proper time, or the high 
rotational speed they would be subjected to (leadscrew 
speed and 0.1 leadscrew speed) would cause severe wear 
problems. The extra commutator on the printed board, 
igure 5.4, is for properly synchronizing the fourth- and 
fifth-stage brushes with the early-stage brushes when the 
former are clutched in. System traverse speeds are, in 
fact, limited by practical brush speeds. 

For good lubrication and to dissipate the heat that 
might cause temperature rise and resultant inaccuracies 
in positioning, the leadscrew is run immersed in oil. 
When the proper position is reached, the leadscrew is 
locked by the leadscrew brake and the table is clamped 
by energizing a flat-plate clutch magnet secured to the 
base and clamped onto a steel flex plate. 


Data handling and control 


Figure 5.5 shows the data handling and control cir- 
cuitry for the Y axis. The X axis is practically identical. 
Additional circuits (not shown) are required for con 
trolling the tape motor, and for interlocking tape move 
ment and reading with positioning. The tape advances 
automatically until the first field is in line with the 
reader; then, pushing the POSITION button causes 
the table to seek the position coded in the field. When 
the fifth stage reaches coincidence a green lamp lights, 
machining proceeds, and the tape automatically goes to 
the next field with the table remaining locked at the 
last position 

Referring to Figure 5.5, pushing the POSITION but 
ton deenergizes brake BRY, the table clamp, and relay 
CRI6Y (unless the repeat hole is punched, in which 
case relay CR17Y is deenergized, keeping relay CRI6Y 
energized and the table clamped). At this point some 
combination of leaf spring contacts is open as a result 
of the code holes punched in the tape. 

As shown, the O-<digit hole in the first stage (tens 
decade) is punched. Relay CR1Y is deenergized so that 
relay FRY is deenergized. The reverse clutch is ene 
gized through the NC contact on relay FRY and clutch 
CL2Y is energized through the NC contact on relay 
CRI1Y. The brush on the tens-decade commutator 
moves in the reverse direction (left on diagram) until it 
contacts the 0-digit commutator segment. Relay CR1LY 
then is energized, causing thyratron V1 to conduct, and 
thereby energizing relay CR11Y. Clutch CL2Y is still 
engaged, but control of direction (relay FRY) and of 
coincidence point immediately reverts to the second 
stage (units decade). 

If the 9-digit hole is punched in the second stage and 
the brush is in the position shown with relation to the 
commutator, then relay CR2Y is energized and so, in 
turn, is relay FRY, the latter through the NO contact 
on relay CR11Y and the NO contact on relay £R2Y. 
This sequence engages the forward clutch through the 
NO contact on relay FRY. The brush moves to the 
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right until it contacts the deenergized 0-digit segment 
and leaves the 9-digit energized segment. Relay CR2Y 
is deenergized, thyratron V2 conducts, and relay CR12Y 
is energized. This disengages clutch CL2Y, 
clutch CL3Y, and reverts control to the third stage 
(tenths decade 

Note that under normal circumstances the 
segment would be energized at all times, so that if the 
)<ligit contact was open the brush would not know 
where to stop. The ac relays CR6Y and CR7Y and 
their associated circuitry were added to prevent this 
condition. If the 9-digit contacts in the second and 
third stages are closed the voltage induced in transformet 
secondaries T1SY and T2SY energizes relays CR6Y and 
CR7Y. Then the NO relay contacts in the correspond 
ing O-digit segment leads are closed and the 


] 
ire Live 


engages 


O-digit 


segments 
But if either of the 9-digit contacts is open, the 
corresponding relay and 0-digit segment will be deener- 
gized, permitting the brush to null at the correct point 

Figure 5.5 shows the third-stage 0-digit contact open 
Relays CR3Y and FRY are deenergized and the 


clutch is engaged. 


TCVCTS¢ 
Che brush is driven to null, contact 
ing the 0-digit segment and leaving the 1-di 

Relay CR3Y is energized, thyratron V3 conducts, and 
solenoid SOL2Y and clutch CL4Y are energized. Con 
trol transfers to the fourth stage (hundredths decade 

ind the drive automatically runs in reverse 

\s pointed out previously, the third- and fourth-stag¢ 
brushes are disconnected until required because of the 
wear problem. The brushes are engaged by a pin clutch 
ictuated by solenoid SOL2Y. To assure synchronism, 
the special synchronizing commutatvr energizes relay 
CR4AY at the proper point, closing the NO contact 
in the lead to the extra segment (between 0 and 9 

\s stated, the completion of the first-, second-, and 
third-stage positioning leaves the table at least 0.11 
in. on the forward side of the correct position. ‘This 
intentionally introduced bias assures backlash takeup 
from the same direction each time, and is removed by 
in extra revolution of the fourth-stage 
0.1 in 
mutator 
tion 

In Figure 5.5, the 1-digit contact in the fourth stage 
hundredths decade) is open. The brush moves in the 
reverse direction, but on contacting the energized 1-digit 
segment, relay CR4Y is not energized because the NO 
contact of relay CR8Y in the brush lead is open. The 
brush continues to rotate until it contacts the extra 
segment between segments 0 and 9. This energizes 
relay CRS8Y and closes the circuit to the brush. Then 
the next time the l-digit segment is contacted relay 
CR4Y is energized, energizing relay CR14Y and clutch 
CLS5Y and transferring control to the next stage. The 
extra revolution required to go through 0 removes 0.1 
in. of the intentionally introduced bias. 

The fifth stage operates similarly to the fourth. After 
the brush goes through 0 (removing the final 0.01 in. 
of bias) it stops on segment 4, energizing relay CRSY. 
This deenergizes CL5Y, applies the leadscrew brake 
and table clamp, and lights the green IN POSITION 
lamp. ‘The control circuitry is deenergized and the 
tape moves to the next block of information, ready 
for the operator to push the POSITION button again. 

he reversal of positioning direction in the first three 
stages as described above would not actually 


git segment 


commutator 
and an extra revolution of the fifth-stage com 
0.01 in.), both taken up in the reverse direc 


occur. 
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The fixed relation between the commutators in the 
first three stages dictates that these stages all position 
from the same direction. <A change in positioning 
direction occurs only if the table overshoots to permit 
backlash takeup from the reverse direction. 
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The Teller Digitork system differs from the other 
machine-tool systems in that it is open loop, with no 
feedback of either table linear position or leadscrew 
angular position. Positioning power and accuracy are 
contributed by a power stepping motor which moves 
through a precise angular increment each time it is 
pulsed. Thus, movement from point to point is con- 
trolled by pulsing the motor so that the number of 
pulses times the basic increment of table movement 
equals the hole-to-hole distance. Since this is a com- 
pletely incremental system there is no teedback of ab- 
solute position. 

his system is quite new: extensive field experience 
has not yet been obtained, and final design details are 
currently being settled. One unit has been sold and is 
now in use on a jig bore; orders are on the books for two 
more, and bids are out on ten others. 

Various combinations of the basic system are avail- 
able. In one, Teller supplies the programming equip- 
ment and the stepping motors. The motors can then 
be attached to the purchaser’s leadscrew either directly 
or through gearing on both old and new machines. 
leller will also make its actuators integral with standard 
table assemblies, as other builders do, though no final 
decision has been made on the types of tables that will 
be available. However, the programmer 1s designed to 
handle a maximum table excursion of 100 by 100 in. 

Quite a variety of programmer combinations are 
available, too. These are as follows: 

1. Semi-automatic—No recorded data medium is 
used, the decimal-coded positioning information being 
dialed in by an operator and automatically acted on. 
Choice of axis, direction of motion, and auxiliary func- 


tions are controlled from  panel-mounted _ selector 

















FIG. 6.1. (above). Thyratron circuitry for 
energizing motor phases 





FIG. 6.2 (top right). Thyratron control unit 
for one axis 





FIG. 6.3 (bottom right 
stepping motor 


Typical Digitork 
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switches. The positioning data for one axis is dialed in, 
then the information for the second axis is entered. 
Both axes are then positioned. 

2. Record-playback—This system receives the in 
formation the same way as the semi-automatic, but it 
has considerably greater capabilities: a coded punched 
tape can be prepared either at the same time the table 
is positioned, or without positioning the table at all; 
conversely, the table can be positioned without punch- 
ing a tape (as in the semi-automatic mode discussed 
above), and duplicates of existing tape can be auto- 
matically prepared. A tape reader is also included so 
that the punched tape can be played back and the table 
jutomatically run through its sequence of positions and 
auxiliary functions. 

3. Remote progranimier—This combination is identi 
cal to that of the record-playback system except that 
the dial and selector switch information-input portion 
of the system and the tape punch are on a separate 
console. They can thus be placed in a drafting room ot 
engineering office for remote tape preparation. Only 
the tape reader portion of the input equipment is on 
the machine console, and local tap 
dial positioning is impossible. 

4. Record-playback with remote programmer—This 
combines all the features of 2 and 3 above, and permits 
any mode of machine operation. 

All of the above systems that have tape programming 
include a checking mode that permits the tape to be 
read and the positions to be displayed on a counter 
without actually positioning the table. 
can be checked in this manner. 

The standard package includes two-axis positioning, 
but any number of axes can be controlled by adding to 
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the basic control assembly. And although code positions 
ire available for directly controlling only two auxiliary 
functions, a multiplicity of functions can be initiated 
by using stepping switching and relay subprogrammers, 
each subprogranimer being initiated by one of the two 
ivailable code combinations. 


Stepping motor and its control circuitry 


The Digitork stepping motor was designed for ma- 
chine tool positioning and path control applications, 
ind is the component that makes this system possible 
for complete details, see ““The Power Stepping Motor— 


\ New Digital Actuator’, Controt ENGINEERING, Jan- 
uary 1957, pp. 74-81). The stator of this type motor is 
ixially divided into three spaced sections, or phases, 
with the same number of poles in each phase and the 
poles in the three phases aligned axially. The number 
of poles (or steps) per revolution is the total number 
in all phases; a 108-pole motor has 36 poles per phase. 
Each pole is wound, and adjacent poles are of opposite 
polarity. 

he teeth or poles of each rotor unit match the teeth 
of the associated stator in number and spacing, but 
overlap the teeth of the preceding rotor unit by 4-tooth 
width. Thus, when the rotor teeth of any phase are 
magnetically snapped into register with the associated 
stator teeth, the rotor teeth of the next phase overlap 
their stator teeth by 4-tooth width. Pulsing the three 


stator phases in order will cause tl 
discrete steps at a rate depending 
the pulses. Energizing the phases in 
reverses the motor. 

At low pulsing rates considera 
about the final stopping point. Thi 
reversible one-way which stop 
initial maximum overtravel. 


1.1.. 1 
Dit l 


brake the 1 
Although the 
rotor teeth are not exactly aligned, th 
a small portion of a basic increment 
verses the braking action when thx 
To control the stepping motor 
gized by a thyratron, 1, the 
ing fired in sequence by 
reversing relay changes the ring 
and another relay controls the one 
Figure 6.2 shows the cabinet that 


trons, ring circuit, and brake contr 
+} 
ii ¢ 


Figure ¢ 
1 ring cir 


I'wo of these are supplied with ea 
system, and are isolated from the 
because of the heat they dissipate 
device consists of a direction sign 
Six models of the stepping motot 
The specifications for two typical 
108 poles, 750 rpm; and 20 Ib-in.; 
Both can be driven from the standard 
Figure 6.2. The quoted speeds repre 
of about 81,000 pulses per minute 
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10,.000s counter 
1000's counter 
100's counter 


10's counter 
1's counter 


Reliable operation can be expected at this speed. Figure 
6.3 shows a typical motor. 

System accuracy is best described as a percentage of 
the increment of motion. Since motor accuracy 
percent of a step, system accuracy (presuming an ideal 
leadscrew and no backlash) is 20 percent of the incre 
ment of table motion. Thus, with a leadscrew pitch of 
0.1 in. and a 108-pole motor, table motion per pulse 
is 0.00092 in. or close to 0.001 in. Then the accuracy 
is 0.0002 in. and the resolution is 0.001 in. This error 
is not cumulative. 


is 20 


With an incremental motion of 0.001 in. per step 
(using the 10 lb-in. motor) the maximum table speed 
is 81 in. per min. This speed depends on the mechani- 
cal ratio between table and motor motion. For example, 
if the incremental motion is 0.005 in. per step, maxi- 
mum speed is 405 in. per min. 


Data handling 


Figure 6.4, a block diagram of a typical system, shows 
ill the equipment needed for one-axis record-playback 
operation. For two-axis operation, two motors, two 
thvratron units, and two sets of the data handling cir- 
cuitry in the box labeled director are required. For the 
remote programmer version, the boxes labeled recorder 
ind data input—manual are located in a remote console. 
Figure 6.5 shows an artist’s rendering of a record-play- 
back console and machine tool. 

raking semi-automatic operation first, assume that 
the increment of table movement is 0.091 in. and that 
the distance to be moved is 45.407 in. First select the 
ixis, direction of travel, and any auxiliary functions that 
are to be initiated on the on-off selector switches. 
Next dial the various decade values, starting at the left- 
hand decade (hundreds in this case) and working to- 
ward the right. Thus, 4, 5, 4, 0, and 7 are dialed in 
that order. This sets the corresponding decades of a 
linear input decade counter, a necessary buffer storage 
when the tape is read a decade at a time. Pushing the 
START button permits the gate amplifier to pass pulses 
from the variable frequency oscillator. These pulses 
step the motor and concurrently are counted in the out- 
put counter. When the value stored in the output 
counter coincides with the desired value set in the input 
counter, the gate is shut, the motor stops, and a lamp 
lights. 

Since it is impossible to start the motor at its peak 
running rate without causing it to fail out of step, 
special provisions are made for automatic acceleration 


Reset scolers ¥ 
ord 
+>++4 «Y-axis 
+} < Reverse 
<-Tope stop 
< Reset scolers 


++ +++ 


3 
+ 
+ 
+ 


44 


Ol 
combinations available on channels 1 through 3 
e¢@ 6 . 

. 


Forward 
Reverse 
nassigned 
eset scolers*® © 


U 
R 


=a S 
No holes in all 8 channels means tape stop and motor stort. 
Holes in all 8 channels means code delete 


and deceleration of the pulsing rate. Acceleration of 
the pulsing rate is controlled by the time required to 
charge a capacitor in the oscillator. Deceleration can 
be controlled by presetting a number of pulses prior to 
the coincidence point, and decreasing the pulsing rate 
it this number. The preset number depends on the 
maximum pulsing rate on motor-load inertia 

For record-playback and remote programmer opera- 
tion, the information is again manually entered into the 
system, but this time it is also simultaneously recorded 
on |-in., 8-channel tape in a standard Flexowriter punch 
It is later read back on a Flexowriter reader. Fign 
shows a typical tape field for both axes. 

Channels 8 through 4 represent the five decades. 
Chrough the encoding circuitry the first number dialed 
is punched in channel 8, the second in channel 7, etc. 
Here, and above also, counter contents are visible to 
check dialing correctness. The first three tape channels 
are for on-off functions and other required instructions 
as shown on the figure. Again the encoding circuitry 
simply converts a position into the proper 
punched code. During playback in the reader, the de 
coder either directs the number to the proper counter 
decade or converts a punched code into an 
initiating signal. Note that there two code com- 
binations in the first three channels that are not re 
quired for the positioning operation. These c&n be used 
for auxiliary functions. As in other systems, tape loops 
can be used for repeat runs. 


ire 6.6 


switch 


wuxiliary 


are 


Direct dialing of drawing decimal dimensions is al 


ways possible if the incremental motion is a unit deci 
mal value (0.01, 0.001, 0.0001); but if the basic incre- 
ment has an in-between value 
calculation is necessary to convert decimal drawing in 
formation into dialable instructions. 

Since this system can approach the final position 
from either direction, some backlash-eliminating tech 
nique must be included. A backlash compensator is 
available which is not shown on the block diagram. 
When a motor reversal is called for, a fixed-frequency 
oscillator automatically pulses the motor directly (with 
out regard to counter contents) until a precision switch 
ictuated by the table signals that backlash has been 
taken up. Control then reverts to the counter and gate 
amplifier. The backlash-compensator switches are fast 
ened to the machine frame and actuated by a friction- 
slip connection to the table. After reversal a motion 
of 0.00025 in. (indicating backlash has been taken up 
ictuates the switch. Overtravel limits prevent switch 
damage when the table is under regular pulse control. 


0.005, for example 
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FIG. 7.1. Block diagram for Kearfott 
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The Kearfott system was designed and built to dem use of a total of 12 four-pol 
onstrate the feasibility of numerical control for machine netic relavs and 12 doubk 
tools and the role of Kearfott components in such con 
trols. The company will not market the control as a Data comparison 
system, but will concentrate their efforts on supplying 
components (ADAC analog-to-digital converters, syn I'he codes are compared digit 
chros, servomotors, etc.) to control-system manufac the most significant place 
turers. However, at least one of the latter is producing errors in the less 
nd marketing a positioning control based on the Kear ving the servo by means « 
fott design, which was originally tried on a small drill servo is so designed that wh 
press having a table with 9-in. long X and Y axes the equivalent true bin 

Punched-card input was selected for this laboratory readout is 0 the drums 
model. The card code is conventional binary, although rection to null. Conve 
it is later translated into cyclic binary (Gray), which equivalent readout 
is the language of the feedback element decreasing direction 

Figure 7.1 is a block diagram of the Kearfott system in agreement with the 
for one of the two machine axes. In operation, the com ind nulied in like 
parator relay tree receives binary-encoded signals, rep until the readout a 
resenting the desired X coordinate, from the card reader least significant digit 


(his is compared with the position of the commutator Assume, for exampl 
tvpe analog-to-digital converter (Kearfott ADAC) geared irbitrary position rept 
directly to the X-axis leadscrew. The comparator relay 39, whose true bina 


tree compares these two codes, digit by digit, starting 1 control command is 

with the most significant digit and proceeding to the position, decimal nu 

least significant digit until a null signal results. As each sented by binan 

digit is compared, an error voltage is delivered to a two two numbers, tl 

phase high-performance servomotor. ‘The motor drives duce the most 

the table in the proper direction to bring the workpiece the most signific 

into the desired position for the machine operation this, the conver 

Ihe same sequence is followed for the Y coordinate the binary system 
The digital comparison between input and output 37): 100100 

is done by the relay tree shown in Figure 7.2. Besides - LOO! 32 

comparing the numerical data of input and output, it Comparison 1 

the relay tree converts the cyclic binary numbers from he comparison 

the digitizer to conventional binary prior to comparing ost significant 

it with the binary command signal. The comparator equal. However, 

and digital code conversion for the 12-track analog-to the shaft to rotate 

digital converters in the laboratory model requires the reached, at which tin 
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FARRAND CONTROLS, 


Entry of this firm into the numerical control field 
came as a result of the development of a highly ac- 
curate form of resolver by the parent company (Farrand 
Optical Co., Inc.}. Known as “Inductosyn”, this re- 
solver is made by imprinting metallic conductors on 
flat glass plates. One benefit of this type of construc- 
tion is that the Inductosyn can be made in either rotary 
or linear form, Figure 8.1. The major advantage, how- 
ever, is that it makes possible units having a great 
number of poles. The rotary Inductosyn, for example, 
may be designed with as many as several hundred poles 

a figure which cannot even be approached in resolvers 
designed on the basis of established induction-machine 
practice. 

At the present time, the Farrand system has been 
refined to the point where packaged subassemblies, Fig- 
ure §.2, are available for rapidly constructing numerical 
control equipment for a wide variety of applications. 
Many systems are in operation and at least one manu- 
facturer (Kaukauna Machine & Foundry Div. of Gid- 
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dings & Lewis) offers Farrand controls 
cessories for a line of boring mills, Figure 8.3 

The theory of operation of the Inductosyn is basically 
identical to that of a conventional two-pole resolver, 
which consists of a single-winding rotor and a stator 
having two windings displ: iced 90 deg from one another 
When a potential is impressed across the rotor winding, 
voltages will appear at the stator terminals. Assuming 
constant excitation voltage, the magnitude of the out- 
put of one stator winding will vary as a sine function 
of rotor position (@), while the output of the second 
winding exhibits a cosine relationship. Stated another 
way, there is a distinct pair of sine-cosine function stator 
voltages for any given rotor position. 

Now, if the rotor is de-energized and the stator wind 
ings excited from an external scurce of sine-cosine func- 
tion voltages, the voltage induced in the rotor-winding 
can be reduced to zero (nuiled) by turning the rotor 
to a given position. The exact location of the null 
position will depend on the magnitudes of the two 


FIG. 8.2. Exploded view of typical Farrar 
machine-tool control. Actual systen 
are built up from packaged subasser 
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g Since this addition 


must be made trigonometrically, the circuit of Figure 


8.5 is designed to conform with the following relation 


digit dimensional information 


ship 


| sin (a + b + <« sin c (cos acos b — sinasin bd 


COS ¢ Sin a COs } cos a sin b ( l 


and V2 cos (a +b +c cos c (cos a cos b — sin asin 


sin c (sin a cos b cos a sin } 2 


As it stands, the conversion circuit of Figure 8.5 has 
the disadvantages of being rather complex and of em 
ploying many costly tapped transformer windings and 
stepping-switch banks. It is possible, fortunately, to sim- 
plify the above equations somewhat so that the ccn 
verter devised for the Farrand system is more econom- 
ical to construct. The simplification is based on the 
fact that a resolver is actually responsive to the ratio 
of the sine-cosine voltages, not to their individual mag- 
nitudes. Since this ratio is unaffected when each volt- 
ge is modified by the same factor, Equations 1 and 2 
can be divided by cos b cos c to yield (remembering 
that sine over cosine is equal to the tangent function): 


tan c (cosa — sinatanb) + sina + cosatanb 


= cosa — sinatanb — tanc (sinu + cosa tan b 


Study of Figure 8.6 reveals that the modified circuit re- 
quires only one tapped secondary winding per trans- 
former, whereas all secondaries in the original circuit 


were tapped. In addition, the number of stepping switch 
contact banks associated with each digit is reduced 
from four to two. The savings effected by this simpli 
fication are considerable since the conversion circuit 
appears many times in the usual two-axis system. 


l'ape control 


(he Farrand control is compatible with any type of 
number storage—selector-switch keyboards, program 
drums, magnetic tape, punched tape and cards, etc. To 
date however, Flexownter input (1-in., 8-hole punched 
paper tape using binary-coded decimal) has been fa- 
vored for the majority of systems. ‘The tape carries 
two types of information: numerically-coded and letter- 
coded address data for use in the machine controls and 
letter-coded data which can be transcribed on a Flexo- 
writer into typewritten instructions for the operator. 
The No. 8 column in the tape is used to distinguish 
between machine-control and instruction data. Of the 
remaining coluinns, one is used for parity check; four 
for binary-coded decimal .sumbers; and two for de- 
termining whether the number columns are carrying 
numerical or letter-coded information. As shown in 
Figure 8.7, the addresses include x and y, carriage return, 
and machine stop. 

A schematic diagram of a single-axis control is given 
in Figure 8.8. At the left is shown the 10-ke oscillator 
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FIG. 8.7. Block diagram of tape control. 
Number columns contain address 
information as well as position data. 
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which powers the digital-to-analog converters. The sine Vi 
cosine outputs of the converter transformers pass di tional re i 
rectly to the three position resolvers. The electronic plained that the input 
switches function to connect the windings of the re for any chosen 
solver rotors and the Inductosyn scale to.the detector that which would 
amplifier in proper sequence. ‘Thus, when the position 
error is at maximum, only the coarse resolver is in use 
During final approach to set-point, the switches will 
have cut out the windings of both rotors and admitted 
the scale-winding voltage to the servo amplifiers. 
One of the features of the control circuit shown 
a tape-prog! ummed zero offset that permits idjustment 
of the zero reference point. Such an adjustment is ne 
essary when a workpiece is fastened to the table in such 
1 wav that its zero reference is not in exact coincidence 
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System 


GENERAL ELECTRIC COMPANY 


Ihe GE positioning system is a complete package, 
including reader, power servos, position transducers, and 
control station—plus all electronic circuitry and mag 
netic devices needed to tie the control to the machine. 
Building-block design makes it possible to supply many 
pre-engineered versions of the basic system with a choice 
of input and output equipment. Flexibility is such that 
iny number of motions can be controlled, although to 
date the two-axis control is in greatest demand. One 
15-axis system has been delivered, as have several one- 
ind three-axis controls. 

rhe basic design provides unlimited capacity for pro- 
gramming auxiliary functions. Typical of the auxiliary 
functions involved in equipment developed so far are: 
selection of spindle speeds; selection of feed speeds; 
tool-turret index; pump control; and operator instruction 
via signal lights and audible alarms. 

At the present time, the cost of a standard GE system 
is approximately $10,000. This covers the control of 
two simultaneous motions from both punched-tape and 
manual-dial input. The price includes the reader, the 
power servos, the position pickup units, the operator’s 
control station, and all of the electronic and magnetic 
control equipment provided in a NEMA 1 enclosure 
In custom designs, the user is given a choice of inputs: 
standard Flexowriter eight-channel punched _ tape, 
punched cards, telephone dials, and manually operated 
selector switches. ‘The punched cards are either IBM 
or Remington-Rand and can be prepared on standard 
business machines. Flexowriter or IBM automatic type- 
writers may be used in preparing the punched tape. 

Ihe card code is conventional decimal system, while 
binary-coded decimal is employed for tape data. Figure 
9.1 shows how information is grouped on the record 
medium. Information from conventional engineering 
drawings is punched directly into the cards or tapes. 
lranslation from conventional decimal to the binary- 
coded decimal system of the punched tape is made auto- 
matically in the punching equipment. 

The average time required to travel from one point 
to another depends largely on the accuracy desired. For 
control accuracies of +0.0005 in. positioning speeds up 
to 60 in. per min are practical. At higher speeds, lesser 
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accuracies prevail since it is more difficult to 
moving machine structures at the prescribed poi 
Hence, the gain of a system or the ability of the serv 
drive to go from top speed to zero speed determines th« 
accuracy obtainable. 

The maximum iength of travel may be expressed ; 
a percent of a revolution of the slowest speed synchi 
The system must be direction sensitive to 
establish the direction of travel from one poit 
next. Thus, the rotation of this slowest speed 
is limited to 40 percent of a revolution. The figure of 
40 percent is chosen instead of 50 percent because there 
is an area of ambiguity between the 40- and 50-percent 
points. If the fine or high-speed synchro in the five 
synchro position pickup is geared for 1/10 in. per rev, 
then the other synchros are for 1, 10, 100 and 1, 
per rev, respectively. Applying the 40 percent figure 
to the slowest or the 1,000 in. per rev synchro, a travel 
limit of 400 in. is determined. If the high speed synchro 
is geared for 1 in. per rev, the slowest synchro then 
covers 10,000 in. per rev and maximum length of travel 
becomes 4,000 in. 


OO in 


Functional description 


The block diagram, Figure 9.2, includes the basic 
components required for positioning one motor. The 
servo-drive control and portions of the director are lupli 
cated for each additional motion. The director converts 
digital information from any one of the four types of 
input into command voltages representing the position 
to which the machine members are to move. Any erro1 
between these voltages and the outputs of the feedback 
synchros is analyzed in the discriminator to determine 
the amount and direction of the positioning action. Any 
one of four basic types of servo drives may 
depending on the machine requirements. 

For punched-card systems, standard business machines 
may be used for punching, sorting, reproducing, verify 
ing and interpreting card data. Since the information 
is in decimal form and is not coded, the instructions 
may be read visually from the card. Although the num 


ber of positioning operations controlled by 
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is limited only by its storage capacity, the usual ratio is 
one per card. 

Card reading is done by either mechanical or electrical 
methods The IBM technique is electrical and uses 
feeler contacts that ride against the card. Reading of the 
card is done from top to bottom and requires about 
one second. Remington-Rand equipment employs an 
irray Of pins. equal in number to the possible hole posi 
tions, lightly pressed against the card. Wherever a hole 
ippears, a pin passes through the card. The pins are 
then mechanically clamped and given a short thrust to 
operate switches for the electrical output. The time 
needed to feed the card into the reader is about one 
second. ‘The actual reading, which is done after posi 
tioning of the card, requires U.6 sec. 

I‘or punched-tape controls, the storage medium is the 
standard eight-hole, one-in. wide paper tape supplied by 
both IBM and Commercial Controls Corp. (Flexo- 
writer [he punched holes convey dimensional data 
in binary-coded decimal form, with each transverse row 
on the tape representing one digit, Figure 9.3. 

Within the reader, the tape is indexed by a pinwheel 
mechanism which is motor driven through a single- 
revolution clutch. Reading pins move under light 


spring tension throvgh the holes in the stationary tape 
ind cause associated contact assemblies to operate. The 
resulting electrical signals are decoded in a relay matrix 
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FIG. 95 stepping switch circuits for convertin« 
numerical tape data into voltage anal 
for input to ¢f ition-feedback s 
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significant digits (e.g., the digits 1 and 5 of the number 
20.015) both of which are covered by one synchro. 
Consequently, each synchro is positioned to one of ten 
possible positions in each revolution (or in 36-deg in 
crements) except for the last synchro which is posi 
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tioned to one part in 100 (or in 3.6-deg increments). 
(he reference or command voltage for a particular digit, 
say 7, is simply the voltage varying in magnitude and 
polarity which would be obtained from a synchro gen 
erator whose rotor was turned 7/10 of a revolution from 
the null point. and E 
in Figure 9.4. 

Reference voltages are obtained from a transformer 
tapped at voltages corresponding to the output of a 
synchro at 10 discrete rotor positions. Stepping switches 
are used to select the desired tap on the transformer 
The switch position is reached by stepping the switch 
from 0 toward 9. At the correct digit position as deter 
mined by the input data, the switch stops and connects 
the appropriate transformer tap to the synchro as shown 
in Figure 9.5. 


[hese voltages are shown as I 


This is accomplished by using stepping 
switches with two contact banks. One bank is con 
nected to the electric switches or relays of the data 
input and the second to the transformer taps. 

lo enable the system to position to hundredths of a 
revolution, an interpolating voltage of 1/10 ratio is 
introduced to each synchro from the next lower digit. 
For example, the hundredths-<digit stepping switch in- 
troduces a voltage through a 10-to-1 stepdown trans 
former to the tenths-digit svnchro (geared for one revo 
lution per inch). At the same time the tenths-<digit 
stepping switch introduces a voltage directly from the 
tapped transformer to the tenths-digit synchr 


Mixer and discriminator 


If the rotor of any particular synchro feedback is not 
it the command position, an error voltage is generated. 
hese error signals from the various synchros are com- 
bined to produce a single signal having a phase rela 
tionship that indicates the direction of error and an 
implitude proportional to displacement from the cor- 
rect position. A specially designed mixer circuit provides 
a smooth switchover from the coarse synchros to the 


fine synchro. The slow speed (1,000 in. per rev) unit 


has control until it is close to correspondence with the 


command voltage. Then control is switched to the next 
higher speed (100 in. per rev) synchro and, subsequent 
lv, to the succeeding higher speed or fine synchros. 

[he synchros are excited from a small 400-cycle m-g 
set in the control panel. The output of the mixing 
circuit is a 400-cycle, single-phase signal which is amph 
fied and amplitude-discriminated to yield a de signal of 
magnitude and polarity determined by the amount and 
direction of the error. This signal is used to control the 
servo drive to position the machine. 

\n error-monitoring circuit connected to the output 
of the discriminator continuously monitors the magni 
tude of the position error. When the error exceeds a 
value set by the dead-band adjustment, the servo drive 
motor is energized. ‘The servo operates until the sys 
tem positions to within the set accuracy, at which time 
the error-monitoring relay drops out, stopping the drive. 
Where a number of machine motions are being posi 
tioned, this signal is also used to indicate that all 
motions are in position, whereupon the machine opera 
tion is initiated. This same signal also starts the data 
reader, which then sets up for the next position whil 
the machining operating is going on. When machine 
operation is complete, a signal from the machine starts 
the next positioning sequence. 
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am MULLARD-COVENTRY 


Ihe Mullard electronic measuring system was de into it of 0.1l-in. pitch 


veloped for Coventry Gauge & Tool Co., Ltd., spe tooth provide reference 
cifically for its Matrix No. 150 jig borer. Not a closed mum adjacent pitch error of 
loop system, it replaces the original optical system and bar having the same tempera 
is capable of extension to fully automatic positioning machine, temperature variation 
In practice the operator positions the table manually, Ihe glass scale provides an 
using the electronic system as fine position indicatot viding the 0.1 intervals on the but le into 1,000 
for settings to within 0.0001 in. Decade switches on parts. On the glass scale, a ver ic referen 
the control console allow the last three digits down to — edge is provided at one en remainder 
1/10,000 of an inch to be set into the system. the scale, some 2 in. long, the 

\ unique system of continuous scanning photoclec while the lower half carri 
tric interpolation between the 0.l-in. steps of a master ind transparent bars, each | 
steel buttress scale provides absolute indication of An optical system reduce 
position. Each scan provides a fresh measurement of 20 so that the |] 
buttress-scale position independent of previous meas edges of the main buttress scal If he table 


NO0 har 


urements, thus obviating loss of accuracy or coordinates position is thus determined | ( e number 

due to power failure or shutdown of bars between the relati f tl ile 
There will be no customer installations of the ind buttress reference edg 

system as it stands, since the open-loop design is re ¢ ; ; 

garded as interim: development of a fully automatic Ocanning and photocell SVS 

system with punched card input is still under wai l'o provide 

of the bar number 

[he measuring system een ecgpesen 
Ihe basic standards of length against which meas scans the s 

urements are made consist of a steel buttress scale ing four 

and a glass interpolation scale. The buttress scale con percent betw« 


sists of a solid steel bar with a sawtooth form cut higure 10.2 
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FIG. 10.4. Relationship between 
interpolation and buttress-scale waveforms 


FIG. 10.5. Schematic arrangements 
for two-coordinate system 


denser lens provides a parallel beam of light illuminat- 
ing the whole glass scale, and a glass rod lens, § in. in 


h 
diameter, stopped down to form a line image 0.001 in. 
wide, is moved across the scale at a constant dis- 
tance from it. This rod lens is moved by mounting 
it in the planet gear of an epicyclic gear train. Large 
diameter ballraces are used for the planet bearings, 
Figure 10.3; the centers are bored out and the rod lens 
is mounted at nght angles to the 


lens moves in 


gear train. The rod 
a circular path, but due to correct 
choice of gears does not rotate about its own axis. 
Using a rod lens longer than the depth of the scale, 
the scale is scanned by a line of light 0.001 in. wide, 
which is maintained parallel to the interpolation bars. 

For each axis two photocells are used. One of these, 
in conjunction with a 45-deg mirror, receives light only 
from the lower portion of the divided glass scale 
and produces a train of slightly over 1,000 pulses pet 
scan, Figure 10.1. The second photocell, placed behind 
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10.6. Block diagram of counter system 


10.7. Coventry Gauge & Tool No. 150 
11g borer with electronic positioning 
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the buttress scale, receives light from the tep trans 
parent half of the giass scale via a reducing lens. 
Figure 10.4 shows the waveforms from each cell for 
varying relative positions of the buttress and glass scales 

In operation, the scan is unidirectional and the but 
tress cell output is used to gate the interpolating wave 
form, which is initiated by the reference edge of the 
glass scale and terminated by the vertical edge of the 
buttress scale. Since the two waveforms bear a fixed 
relationship in space as well as in time, the gated pulse 
train contains a number of pulses equal to the number: 
of tenths of a thousandth of an inch in that fraction 
of 0.1-in. displacement of the buttress scale. Figure 10.5 
shows the schematic arrangement of a two-coordinate 
system. 


Counting and display system 


For each of the three decades, there is a four-stage 
hard-valve binary counter with a radix of 10. By means 





of 10 position switches for each decade, the counter 
can be set to the last three digits of the required posi 
tion. On arrival of the gated pulse train, the number 
of pulses is subtracted from the preset figure and the 
remainder is passed via a binary-to-decimal matrix to 
a cold cathode error register, Figure 10.6. When the 
error sampling and registration is complete, the counters 
ire reset to the values set on the dial switches in readi 
ness for the next pulse train. 

No information is carried over from one scan to 
the next; consequently the system determines abso 
lute machine position, not incremental displacement 

(he error is displayed at intervals of 10“ in. for a 
distance of 4 x 10“ in. either side of the zero by indi 
vidual display lamps, while larger errors are grouped 
to give a rough indication of error magnitude. 

One of the features of the system is the method of 
handing over without a break in indication when con 
trol is about to pass from one buttress scale to the 
next. The third example on Figure 10.4 shows this 
condition; here two gate-closing signals are generated, 
one at the beginning and the other at the end of 

scan. As the length of the scan from the reference 


oystem 


edge to the first buttress scale duced, the gate 
closing signal will change over from the first to the 
second position. At this point the gated pulse train 
will increase abruptly from one or o pulses to 1,001 
or 1,002 pulses. The counter has a counting ipacity 
of only 1,000 and being a reversible ty 
left in it will be the same if an input of n or (1,000 + n 
pulses is applied, so that breakfree handing over occurs 


pe, the number 


Machine application 

Figure 10.7 shows the system mounted on a Matrix 
No. 150 jig borer. The common ystem is 
mounted in the intermediate table 
polation for a transverse table motion of 24 in., to- 
gether with a longitudinal motion of 36 in 
houses the two sets of input dials, one for longitudinal 
settings and the other for transverse, with a single set of 
counting and display circuits switched to either table 
motion as required. The positioning accuracy of the 
system is capable of better than 10“ in. In practice it 
is possible to stop and start the table three time 
10* in. by observation of the char rs 
the indicator lamps 


inning 
ind provides inter 


I he consok 


lea MULLARD AUTOPLOT 


[he Mullard Autopilot machine, Figure 11.1, 
in production. It is a high-speed positioning device fot 
marking out sheetmetal parts and drawings and _ for 


IS NOW 


drilling chassis and templates to an accuracy of approxi 
mately 0.001 in. The machine is intended for proto 
type and small batch work 

l’o achieve 0.001-in. positioning accuracy at low cost, 
positioning information is taken off the two-axis lead 
screws by photoelectric pickoff heads. ‘Two phototran 
sistors count the number of 3-in. diameter holes on a 
thin aluminum disc geared to the leadscrew and sense 
the direction of rotation. 

lo minimize positioning inaccuracy caused by deriv- 
ing positioning information from the leadscrews, the 
machine tool head is moved, rather than the machine 
table, so that inertia and frictional forces are reduced 
I'he tool head gantry and tool head are carried on bori 
zontal tubes using recirculating ball bushings for bear 
ings. Both motions are driven by a 3-hp motor 

Positional information from the measuring head is 
fed into reversible dekatron counters. ‘The required po 
sition information is set up on five decade dials for 
each axis and the error signals are obtained by compar- 
ing the counter contents with the switch settings. Con 
trol of the error signals is handed over from the most 
significant digit to the next significant as the correct 
count is obtained in each decade 

The error signals operate the three-phase §-hp in 
duction motor through an automatic electromagnetic 
two-speed gear box operating on the output shafts driv- 
ing the two leadscrews. 


The positioning sc 
quence provides a 
rapid approach of 60 
in. per min followed 
by a small overshoot 
and a slow return at 
4 in. per min to po 
sition when electro 
magnetic clamps ar¢ 
ipplied. 
With a measuring 
accuracy of 
0.001 in. and a maxi- 
mum positioning ac 
curacy of the same order due to 
flexing of support bars, the overall a 
system is rated at plus or minus 0.002 in 
of the system are 
e Table working surface, 40 x 27 
Longitudinal travel of gantry, 
'raverse travel of tool carriage, 
Drilling capacity, } in. diametet 
Automatic dmilling, center pun 
out heads can be fitted to the t 
In the drawing office, the machin« 
drawing and master templates, thu 
for marking out procedures by bet 


svstem 


one-tenth. The operator's program i 
tion is prepared automatically as pat 
office function in the initial design 
chassis and work-piece 
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V. L. SCHWARTZKOPFF 


(Germany) 


With over 70 systems in operation for periods up to 
two years, the Schwartzkopff two-axis control is rated 
among the most field-tested positioners available today. 
Che control was custom designed for this firm’s KBF2 
vertical precision boring machine, Figure 12.1, having 
tool movement. The input is via decade 
switches or special 104 x 4} in. punched cards. The 
coding is conventional decimal. 

Ihe unique card reader, Figure 12.2, is actually a 
group of plugboards mounted at the rear of the machine 
Ihe contacts behind the boards parallel the contacts of 
the two 6-gang selector-switch decade drums located 
on the machine control panel. Each plugboard contains 
an upper and lower section, connected, respectively, 
to the x- and y- axis drives. A section consists of fou 
hole groupings, each with sufficient number capacity to 
identify any given point along a machine axis. A group 
ing contains six columns of 10 possible hole locations. 


I 
Actually, 


30 x 50 in 


no more than four holes are used in the first 
column since the maximum axis travel is 50 in. In addi- 
tion, alternate holes in the sixth column are inactive 
because the system resolution is 0.0002 in. 

Position information is recorded on cards (identical 
in size and markings to a section of the plugboard) by 
means of a hand punch. To program the jig borer, 
the cards are fastened over the plugboard. Then, the 
operator manually pushes jacks through each hole in 
the cards into corresponding holes in the plugboard. 
As many as seven plugboards are furnished on a single 
machine, providing capacity for 28 two-coordinate ma 
chine settings. Fourteen cards are required to control 
this number of settings. This is not regarded as a short- 
coming since rarely is this machine called upon to drill 
more than 28 “‘critical” holes. 


Measuring systems 


The measuring system employed is made under li 
from Newall Engineering, Ltd. Each axis is 
equipped with a series of six drums, Figure 12.3, free to 
rotate independently around a shaft. The 
drums carry gage rods that are aligned under numerical 
control to add up to the desired axis travel. The mechan- 
ism for operating the drums consists of a flange-mounted 
motor on the end of the assembly. The motor is 
arranged to cause the drums to complete exactly one 


cense 


common 


FIG. 12.3. A—Schematic of 
gage-rod mechanism 
B—Drums before assembly 
Note similarity to 
IBM-Fosdick system 
previously described 





1 counterclockwise direction during each 
read-out cvcle. The first rotation is to clear the drums 
from the previous setting, while the second is used 
for building up the needed combination of gage rods. 
A ring of nine solenoids surrounds each drum of the 
gage assembly. The arrangement of jacks on the plug 
board determines which of these solenoids is energized 
When it is energized, each solenoid pulls a lockpin into 
position against the periphery of the associated drum 
Now when the assembly is driven counterclockwise, the 
pin drops into a detent, stopping the drum with the 
proper gage rod aligned for measurement. A single 
motor drives all drums through a series of slip clutches 
Ihe x- and y- axis movements of the tool slides are 
hydraulically powered by individual pumps and cyl 
inders. The drive is two-speed, incorporating solenoid 
valves that close partially to restrict oil flow and reduce 
piston speed during final approach to set-point 
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Putting a Satellite 
into Outer Space 


Complete control of space vehicles is still an unsolved problem. 


Launching a satellite takes a combination of on-board control 


instrumentation and command signals from the ground. Here’s a 


look at satellite control problems for the present and the future. 


LEWIS H. YOUNG 


Control Engineering 


As 1957 drew to a close, control technology nurtured 
a brand new addition to the field: the control of space 
vehicles. 

At two installations, scientists doggedly raced the 
clock to ready U.S. satellites for launching. In Florida, 
at the missile launching site on Cape Canaveral, engi- 
neers from Washington’s Naval Research Laboratory 
tried to mect an up-dated schedule for the launching 
of a 6-in. test ball. In Huntsville, Ala., having been be- 
latedly added to the satellite race, scientists of the 
Army Ballistic Missile Agency—considered by many 
to be the cream of U.S. space talent—hurriedly started 
modification of a Jupiter-C missile (an adaptation of the 
Jupiter IRBM built for reentry tests) to launch a bigger 
satellite. But both groups had one problem in common: 
complete control of space vehicles is still a major un 
solved problem. 

At ABMA, where much of the U.S.’s space experience 
has accumulated (its scientists, under the supervision 
of Werhner von Braun, solved the reentry problem, 
recovering the missile nose cone which starred in 
President Eisenhower's Nov. 7 telecast), an army space 
scientist said, ““Neither we nor the Russians have yet 
been able to develop control hardware sufficiently 
miniaturized in size and weight to operate during the 
critical final stages of launching into the orbit.” 

What he was pointing — 
out was a major limitation 
to present-day space tech- 
nology. Control problems 
are complicated by the fact 
that propulsion plants can- 
not supply the power out 
put space scientists would 
like to have 


Multistage diet 


It’s strictly a question of 
weight. Satellite planners 
know just how many pounds 
they can afford to carry in 
an orbiting body. For Pro 
ject Vanguard, for example, 


scientists estimate it takes 1,000 lb in the vehicle on 
the ground at launching to put | lb into an outerspace 
orbit. At these rates, you need a terrific weight at launch 
ing to put an available sensing system and guidance 
control into an orbit. And that’s only part of the 
problem. The sensors and controls requir 
power for operation. The power supplies, too, add 
considerable weight to the final stag 
weight to the launching. 

Up to now, both U.S. and Soviet satellite builders 
have concentrated on multistage vehicles for launching 
satellites. Although this complicates the 
everybody feels that it’s impractical to att 
a propulsion plant big enough to orbit itellite in 
one step with today’s sources of power. The toughest 
part of the job, they say, is getting the satellite vehicle 
off the ground and out of the dense atmosphere close 
to the earth’s surface. 

But even multistage operation meat iant first 
stage booster to lift the vehicle out of 
estimated that Russia’s first stage on Sputnik I produced 
a thrust close to 264,000 Ib; Vanguard 
small in comparison, is rated at 27,000 Ib 
the Jupiter-C initial thrust, though never officially an 
nounced, is probably upwards of 75,0! 

Purpose of the second stage, usually, is to elevate the 
vehicle to the desired altitude for orbiting. The third 
(and any additional stages) then supplies the kick neces 
sary to make the satellite orbit. What’s needed, of 
course, is sufficient velocity so that centrifugal force: 
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Following the stages of a satellite launching. Usually only early stages carry on-board control 
instrumentation. To fire later stages, ground station tracks vehicle electronically, triggering 
rocket engines with a command radio signal when missile is in proper attitude. (Note: figure 


reflects early practice of firing second stage from ground. 


It's now believed that all U. S. 


satellite vehicles will use an automatic on-board system to fire the second stage.) 


system. A space platform, for example, set up to observe 
cloud formations for meteorological studies, might call 
for a near-circular orbit; a satellite launched to study 
friction effects in outer space would probably follow an 
elliptical orbit so that instrumentation could pass 
through a variety of altitudes. 

The more circular the specified orbit is, the tougher 
the launching job becomes. From a control standpoint, 
it’s much easier to launch into a deep elliptical orbit 
like those followed by Sputniks I and II. The key factor 
is the velocity vector at the instant the final-stage 
motor ceases firing. With no sensors or guidance con 
trol in a final stage, it’s practically impossible to con- 
trol the direction of this vector with a high degree of 
accuracy (at present some control is obtained by spin- 
stabilizing the final stages and then controlling the 
direction by timing the firing of the final stage with 
a command signal from the ground). 

As a result, some space scientists will tell you that it 
may be impossible ever to launch a satellite into a per- 
fect circular orbit, even with a good control system. 
To do it, the direction of the velocity vector must be 
exactly perpendicular to a line passing through the 
earth’s center, the speed must be exactly equal to the 
calculated velocity at the altitude. That would mean 
a zero error in the sensors and guidance system—a prac- 
tical limitation. 

Once the orbit decision has been reached, it takes 
a combination of on-board instrumentation, and con- 
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trols operated by a ground command signal, to accom 
plish the launch. 


Control from the ground 


Scientists are quick to say that they would prefer an 
all-on-board instrumentation system. It reduces the 
reliability problem (with a radio link there’s a chance 
of a breakdown in two places—on the ground and in 
the launching vehicle), and even more important, it’s 
interference- and jam-proof. However, the command 
radio signal gives satellite planners some versatility, 
which turns out to be an advantage at this stage of 
technology. 

[he control problem of getting a satellite as close 
as possible into a predetermined orbit can be said to 
have three steps: 

1) timing the sequence of »perations, so that each 
stage fires at the proper time and exhausted stages are 
dropped. 

2) measuring and controlling attitude of the launch 
ing vehicle in flight. (One of the most critical factors 
of flight, attitude is defined as the angle between the 
velocity vector and the centerline of the missile.) 

3) measuring and controlling the direction and mag 
nitude of velocity. 

Timing and firing of each stage can be accomplished 
in several ways. Each stage can be preset to fire a 
specified number of seconds after the initial launching 
signal. An automatic control system, based on a variable 











such as velocity or position, can trigger each stage at 
the proper time. Or the stages can be fired from the 
ground by a command signal. 

Although both the preset and the automatic control 
sound desirable, technology is not yet far enough 
along to use them in all stages. As a result, the last 
stages are fired from the ground, time of firing being 
based on telemetered signals from the vehicle as well 
as electronic observation. 

Most common source of the telemetered signal is an 
accelerometer. When the signal reports that acceleration 
has ceased, it’s obvious that firing is completed. Because 
there’s no on-board control system for final stages, the 
usual procedure is to let the missile coast until elec 
tronic (usually DOVAP—Doppler Velocity and Posi- 
tion, Ct, Nov. 1957, p. 103) tracking reports the 
missile has the right attitude and direction; then a radio 
signal triggered from the ground fires the next stage. 

Releasing the spent rocket engine is a ticklish job, 
particularly the big first-stage booster. It’s got to be done 
without tipping or canting the remaining missile parts. 
An accelerometer can be used here, too, to sense the 
proper time for dropping and for controlling the drop 
automatically. But it’s not uncommon to us¢ 
command signal from the ground 


a radio 


Balancing act 


From the instant of launching until the first stage 
is dropped, the missile vehicle relies on an accurate 
attitude control and guidance system. The system’s first 
job is one of the toughest: balancing the cigar-shaped 
vehicle while it is at near-zero velocity. As the pro- 
pulsion plant takes hold and velocity increases, the 
control system guides the missile into a predetermined 
trajectory by controlling the attitude. 

At least five different methods of sensing are being 
studied at present: 

ean inertial system—prob 
ably the most frequently used 
today because its hardware is 
best developed. 

e sightings on celestial bod 
ies such as stars. 

e relying on force fields such 
is the earth’s gravitational field, 
magnetic 
etc. 

¢ sightings on the earth from 
the satellite vehicle, either op 
tical or electrical. 

eelectronic sightings from 
the earth telemetered to the 
satellite. 

In U. S. satellites, the at 
titude control system is much 
like an airplane’s autopilot. 
Usually there are at least three 
accelerometers to measure ac 
celeration along three different 
axes. Outputs from these in 
tegrating 


fields, cosmic rays, 








accelerometers arc 
fed to a computer (an analog 
device) capable of both in- 
tegration and comparison func 
tions. One integration of the 
acceleration produces change in 
















velocity. The computer then compares this change in 
velocity with a specified change previously programmed 
into the computer. The control system acts to remove 
any error which the computer reports 

It’s possible to integrate a second time and obtain 
displacements so that the computer can also compart 
its position. Although this is desirable, it’s not usually 
done in satellite vehicles because present trajector 
control is accomplished by changing th 
on velocity changes. 

Moving vanes placed in the 


: 
ittitude based 


exhaust jet of the 


first-stage rocket are the common means of transferring 
the guidance-system signals into actual control. How 
ever, ailerons powered by small jets a ilso 1 


Without controls 


Once the first and second stas dropped th 
satellite vehicle is without on-board control instrumen 
tation. Here’s how some degre¢ f mtrol is main 


idditional 
so that when 
vehicle is pro 


tained in the later stages. Third, and any 
stages of the missile are started spinning 
the second stage is fired, the satellit 


jected like a rifle bullet The spin helps keep the 
vehicle in the desired trajectory. Just when to fire the 
later stage is determined by electro tracking. When 
the vehicle is in the proper attitus it th rrect 
altitude, a firing command is t tted from. the 

ground, either by mechanical o1 t itic mean 
Firing the last stage is the trickiest of the lot. If the 
centerline of the satellite vehicl n two or 
three degrees below the horizont the last-stage 
rocket can shoot the satellite back into t itmospher« 
and destroy it. For that reason, satellit nchers trigger 
the last stage while the missil terline is_ still 
pointing upward, even though t timum occur 

when the missile centerline i t horizontal 
If all th ion plant 
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Gyro-stabilized guidance platform, built by Ford Instrument, 
resembies that in attitude control system of Army’s satellite. 


when the rocket is fired or the satellite could go shoot- 
ing off into outer space instead of returning .to earth. 
hat requires some kind of accurate sensing system and 
controls. 

As possible guidance systems for the orbiting satellite, 


scientists are studying three kinds of sensors: celestial 
observation, inertial, and force fields. It’s still too early 
to determine which method has the inside track. 

It’s also still too early to talk about incorporating an 
automatic control system to return the satellite to 
carth when specified conditions occur (such as ex- 
haustion of batteries). 

Of U. S. satellites, the Navy’s Project Vanguard uses 
three stages; the Army’s, four. All three of Vanguard's 
engines are different. But there are only two kinds of 
power plants in the Jupiter-C: a liquid-fuel engine for 
the first stage, solid-fuel-propellant motors for the other 
three stages. The same kind of rocket motor is used in 
each of the latter stages, but not the same number. One 
report indicates the second stage will use 11 motors, the 
third stage three, and the last: stage containing the satel 
lite instrumentation will fire a single motor. 


Putting the fire out 


There’s one other field of satellite control that is 
not too well developed, but it promises major improve 
ment in orbit control. That’s velocity control by fuel 
cut-off. It’s not much of a problem to cut off liquid 
fuel flow; hardware is well-developed. But it’s a different 
story when you try to suddenly stop a solid fuel from 
burning, particularly a rocket fuel whose oxygen is mixed 
integrally with it. Up to now, the usual procedure has 
been to let the engines burn all their fuel, compen 
sating for differences in velocities by changing the 
instant when later stages are fired. As an illustration, 
if the second stage of the launching vehicle burned 
extra long, imparting unexpectedly high velocity to the 
satellite for that portion of its trajectory, the ground 
team would let the missile coast until its velocity was 
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as desired, then fire the next stage. Ideally, space scien- 
tists would like to be able to cut off firing when a 
specified condition is reached. 

There are a lot of other control devices that scien- 
tists say need developing for sophisticated satellites. 
For example, a control system that equips the man- 
made moon with an evasive action to dodge meteorites 
and missiles (if an enemy nation should try to shoot it 
down, for example). Such a device would put a “wiggle” 
into the orbit by changing the satellite’s center of 
gravity (one way to do it: a reciprocating mass). Still 
another device is a residual firing control to ignite addi 
tional power sources incorporated in the satellite to 
change its speed (increase or decrease it). 

Some control devices will have to wait on the de- 
velopment of better source of power. Space scientists 
talk about harnessing solar energy or some kind of 
nuclear plant (which might not need heavy shielding 


at a high altitude). 


Space scientists point to such needs to back up their 
warning that we are still in the very first stages of space 
flight. The flood of publicity about Russian sputniks 
has tended to blur this fact. For example, both pro- 
pulsion plants and control systems must be improved 
before a manned satellite is launched. As one space- 
minded colonel said, “You can bet your bottom dollar 
we won't send a man up until he has better than a 
figliting chance of getting back.” 

For this, the scientists will need smaller, lighter, more 
accurate control equipment. 


Werhner von Braun, controversial advocate of space tech- 
nology, heads up the Army’s technical contributions to 
U. S. satellite program, which is a cooperative venture 
between ABMA and the University of California’s Jet 
Propulsion Laboratory. Army is supplying the launching 
vehicle; JPL is developing the satellite itself and the 
scientific instrumentation. 





Applying 
Pneumatic Relays to 
Industrial Control! 


PART | 
SIX USES FOR SINGLE-FUNCTION RELAYS: 


SELECTING A CONTROLLED VARIABLE AUTOMATICALLY 
PROTECTING WITH SAFETY SHUTDOWNS 

TESTING PNEUMATIC INSTRUMENT TUBING 
GENERATING PNEUMATIC TIMING PULSES 
CONTROLLING BETWEEN HIGH-LOW LIMITS 
IMPROVING DYNAMIC PERFORMANCE 


H. SHERID GARRETT, Moore Products Co 


Pneumatic relays are versatile building blocks for industrial 
measurement and control. They can automatically select con 
trolled variables, characterize signals, perform arithmetic opera 
tions, improve dynamic performance, and control within 
prescribed limits. Furthermore, pneumatic relay signals arc 
compatible with those obtained from pneumatic controllers, 
making unnecessary a conversion from pneumatic to electric 
signals or vice versa. 

The various pneumatic relays differ widely in specifications 
For example, two relays may provide the same 1:1 pressure 
reproducing function; but the output air rate from one may b« 
small yet highly precise, while the output air rate from the 
other may be greater but less precise. 

The applications that follow use these single-function pneu 
matic relays: low-pressure selector, high-pressure selector, high 
gain precisions, on-off, and high-volume booster. Operation of 
each is described in the applications. Part II of this article will 
deal with multifunction relays and their application Phes« 
instruments make possible imaginative solutions to a_ larg 
number of instrumentation problems 
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Selecting a controlled variable 


One controlled variable can override and control 
another provided the one selected is appropriate in 
view of prevailing conditions. Figure 1 is an illustra- 
tion; it shows the automatic selection of the smaller 
of two pressures. Control of the pump is normally 
from the discharge pressure. However, if the pump’s 
suction pressure should become less than a_prede- 
termined safe value (set-point) the suction pressure 
control circuit should automatically override the dis 
charge pressure circuit and take command of the pump 
discharge pressure by modulating the control valve. 

The override, or selection, action can be obtained 
with a precision low-pressure selector relay, shown in 
detail in Figure A. During normal operation the suc- 
tion pressure controller output (supply input to relay 
connection 2) will be at a prearranged maximum pres 
sure and the output of the discharge pressure controller 
(input to relay connection 1) will be less than that 
maximum pressure. Che greater pressure at 2 causes 
the selector relay to act as a 1:1 pressure transmitter 


ind reproduces (because of the 1:1 ratio of its dia- 


Protecting with shutdowns 


In many processes automatic shutdown is the only 
way out when any one of several variables exceeds safc 
conditions. Figure 2 shows an integrated safety con 
trol circuit in which a turbine (not shown) operates as 
long as its shutdown valve receives full air pressure. The 
high gain relays, Figure C, in series, shuts off the air 


supply of the shutdown valve when any variable exceeds 


its safety limit. 
supply. 

Compression of a range spring, by adjustment of the 
direct-acting) relay knob, continues until it is equiva- 
lent to a predetermined pneumatic force representing 
a safe limit. If the variables are all within safe limits 
the bellows force due to the pneumatic mput exceeds 
the spring bias force and the pilot valve, free to move 
between the port seats with bellows movements, closes 
the exhaust port and opens the supply port to the out 
put. All passages are open and the shutdown device 
receives the original air signal. 


The valve fails safe with loss of ait 


Testing pneumatic tubing 


The Instrument Society of America Recommended 
Practices Committee RP-7 on pneumatic control cir- 
cuit pressures recommends an instrument tubing leak 
test that includes a high-gain relay. ‘Figure 3 shows a 
useful test circuit. Testing without a high-gain relay 
would be difficult and time consuming because of the 
problem of detecting the small gradual pressure loss 
in the tubing resulting from a leak. With a relay of 
a gain (output change to input change) of 100, a given 
leak theoretically will be detected in 1/100th the nor 
mal time; or, putting it another way, for a given test 
time, a leak 1/100th as large will be detected. But be 
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phragm) the discharge pressure controller output on 
the control valve actuator. 

During abnormal pump operation the suction pres- 
sure drops below the set-point of the suction pressure 
circuit. Then the relay supply pressure at connection 2 
becomes less than the pressure at connection | and 
the valve in the relay is held open. The supply pressurc 
at 2 now feeds directly to the valve actuator. The relay 
thus selects the lesser of the two pressure signals to 
modulate the control valve. 

[he procedure is reversible: when suction pressure 
returns to a normal high pressure the controlled variable 
is automatically transferred by the selector relay to the 
lower discharge pressure. 

In some control applications it is often more con- 
venient to automatically select the greater of two pres- 
sures to serve as the controlled variabie. In such cases 
the high-pressure selector relay of Figure B can be used 
in a pneumatic circuit similar to the one in Figure 1. 

Automatic selection of one out of more than two 
signals can be accomplished by cascading an appropriate 
number of additional selector relays. 





However, if any signal pressure drops below the limit 
set on the relay, the pneumatic input becomes less than 
the spring force. The bellows then moves the pilot valve 
from the exhaust port to the supply port, closing the 
passage for supply air and exhausting all pressure on the 
turbine shutdown valve. This action trips the valve and 
shuts off the turbine. 

The procedure is reversible. When the offending 
variable returns to normal the supply passage in the 
high-gain relay opens and supply pressure is restored to 
the shutdown valve. A mechanical lockout can make 
the system irreversible unless manipulated manually. 

Certain variables, such as the “high temperature 
(compressor discharge)”, may operate normally at low 
pressure for safe conditions. This is the opposite of 
the previously described operation. Then a _ reverse 
acting relay, whose supply port opens and exhaust port 
closes during safe conditions (when the input. ait 
signal is less than the equivalent spring loading), can 
combine with the direct-acting relays to make a com 
patible safety system. 





sides saving time, the high-gain relay also lets the 
operator give more weight to test results: that is, he 
no longer needs to guess whether the leak gage pointer 
has moved or not. 

Once the tubing to be tested has been connected to 
the relay at one end and plugged at the other end the 
test shutoff valve is opened to fill the tubing and appl; 
test pressure at the relay input. The relay spring force 
is adjusted until it equals (and opposes) the force 
applied within the bellows by the test pressure. This 
places the relay pilot in operating position; now the 
relay output pressure will be the same as the supply 
pressure. A duplex leak gage detects this equality by 
indicating the same pressure with both pointers, and 








Suction 
pressure 
control 


Low-pressure selector relay 




















High-pressure selector relay 











reads zero difference regardless of variations in supply. 
To start the test, the shutoff valve is closed. If no 
leak is present in the test piece there will be no pressure 





drop, and the relay output will not change. But if a Fig. 3 
leak (which reduces pressure in the test piece) does 
exist, the pressure drop will be amplified by the relay Pressure 
gain. The amplified output decisively deflects the test — 
gage pointer 100 times beyond normal. 

A testing for tubing blockage is another that can be 
performed with the circuit of Figure 3. This one may 
be started by removing the plug from the far end of 
the tubing; relay output pressure then will drop to 
zero rapidly if the tubing is not blocked, and less rapidly 
if there is an obstruction. 














JANUARY 1958 





Generating pneumatic timing pulses 


All-pneumatic adjustable timing circuits find use in 
such applications as pulsing a control valve to prevent 
it from coking and batch-mixing compounds when an 
exact ratio is not required. The timing circuit in 
Figure 4 is typical: it combines a pneumatic oscillator 
with a high-gain relay. 

The heart of the pneumatic oscillator is the on-off 
relay, Figure D. This relay does not have a pilot valve, 
so that it is nonbalancing. When the supply pressure 
is turned on, the on-off relay supply pressure port is 
fully open: a light spring under the bottom diaphragm 
urges the diaphragm off the port and there is no pilot 
valve to close. Thus, the pressure at the immediate 
output of the on-off relay is supply pressure. The relay 
output pressure feeds into the tank and slowly fills the 
50 in.* volume. The tank output feeds into the input 
of the on-off relay. The upper diaphragm has twice the 
area of the bottom diaphragm and closes the supply 
port, by means of the sliding push rod between the 
diaphragms, when the loading pressure reaches one-half 
the supply pressure plus the slight force of the light 
spring. Thus, the on-off relay supplies a loading pres- 
sure to itself and shuts itself off at a rate depending on 
the tank volume and the needle valve opening. 

After the on-off relay’s supply port closes, the pres- 
sure between the relay and the needle valve reduces by 


Controlling between high-low limits 


Frequently, it is desirable to start the flow of fluid 
when a controlled variable reaches some predetermined 
high limit and to stop the flow when the variable 
reaches some predetermined low limit. Practical re- 
quirements often demand that these limits be made 
easily adjustable. A typical application, Figure 6, of 
this so-called adjustable differential gap control system 
is in the control of vessel level: opening a valve in an 
effluent line when level reaches a high limit empties 
the vessel until its level reaches a low limit. 

Two adjustable high-gain relays, a snap-acting three- 
way valve, and an air-to-open control valve make up 
this system. When the level-transmitter air signal is at 
a value below both operating points selected for the 


Improving dynamic performance 


Valve positioners convert low-power  valve-stem 
position-error signals into large forces to drive a control 
valve actuator. When the stem of the control valve 
reaches the position called for by the controller, the 
positioner output becomes constant and remains so 
until a disturbance introduces an error. The positioner 
thus reduces static errors (offset) and improves dynamic 
response. Sometimes, however, valve positioners maj 
not have the air capacity for large-volume actuators or 
fast stroking speeds. This calls for a large-volume 
capacity booster, Figure E, in the pneumatic circuit. 

The booster is a 1:1 pressure pneumatic relay de- 
signed specificially to supply or exhaust very large air 
flows at its output with only small potential flows at 
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exhausting through the restriction. The rate is more 
rapid than the loading pressure reduction rate, thus 
preventing an immediate reopening of the supply port. 
The loading pressure continues to reduce by exhausting 
through the needle valve and out the restriction. The 
timing cycle is repeated when the force due to the 
pressure reduces to less than the equivalent spring force. 
The oscillator output, which occurs at the junction of 
tank output, on-off relay input, and high-gain relay 
input, produces a sawtooth wave typified by the upper 
curve of Figure 5. The period is adjustable from about 
10 sec to 5 min with a variable needle valve and the 
tank volume of 50 in.* 

The high-gain relay receives the oscillator sawtooth 
output and converts it into a square-wave output, as is 
typified by the two lower curves of Figure 5. The 
high-gain relay simply modifies the on-time-to-off-time 
ratio of the oscillator pressure cycle by adjusting the 
spring loading to operate the pilot valve at any oscil- 
lator-output pressure. As long as the loading pressure 
exceeds the selected high-gain relay setting, the pilot 
valve closes the relay exhaust 1.:d delivers supply pres- 
sure to the relay output. When the loading pressure 
is less than the setting, the opposite port action occurs. 
The higher the spring loading pressure in the high-gain 
relay, the shorter the “on” portion of the output square 
wave. This can be seen by comparing the three curves 
of Figure 5. 





two relays, both supply ports are closed and there is 
no air pressure on the three-way valve or the control 
valve. As the level increases the transmitter signal like- 
wise increases and trips the low-limit relay to admit 
supply pressure to the three-way valve’s lower connec- 
tion. But the lower connection remains closed because 
no loading air appears at the valve’s actuator. Thus, 
no air appears at the control valve from the low-limit 
relay, and no pressure is admitted by the high-level 
relav, which is exhausting its output. The air-to-open 
control valve in the effluent line is closed and the tank 
fills up—as is indicated by an increasing output pressure 
at the level transmitter. 

When the transmitter output reaches the trip limit 
of the high level relay, the relay pilot valve moves off 
the supply port, closes the exhaust, and applies supply 





its input. Figure 7 shows a high-speed actuator circuit 
with a booster. The valve positioner output becomes 
the booster input, and because the diaphragms have 
equal effective areas, the booster output pressure re 
produces the input pressure. 

A stability problem is likely whenever large ait vol 
umes are handled and actuator speed is increased. The 
booster’s adjustable bypass between input and output 
is used to tune the pneumatic circuit under actual 
operating conditions, to take into account the actuator 
volume, tubing lags, etc. Opening the bypass valve 
increases stability, but the penalty is decreased actuator 
speed. Therefore, the circuit is tuned until stabilits 
is just obtained. A booster should improve the dyna 
mic response two to four times. 
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pressure to operate the three-way valve Chis action 
permits the low-level supply pressure to load the thre« 
way valve and shut off the output pressure of the high 
limit relay, and to open the control valve and reduce the 
tank level. The three-way valve remains in this posi 
tion as long as it receives supply pressure from the low 
level relay, regardless of the high-level relay output 
pressure, 

Che high-level relay will exhaust its output when the 
level drops. But the low-level relay will continue t 
keep the control valve open and the three-way valve in 
its last position as long as vhe level is above the low 
level limit. As level falls below this limit the 
exhausts, tripping the three-way valve into its 
position, cutting off air pressure, closing the 
valve, and permitting the tank to fill up again. 
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9 Guideposts in Selecting 


a Business-Data Processor 


PETER JAMES*, IBM Research Center, Yorktown, N. Y. 


Successful application of an electronic 
computer to business problems always re- 
quires a complete answer to the question: 
“Are the capabilities and logic of this com- 
puter compatible with the requirements and 
procedures of the business?” A comparison 
of these factors is therefore necessary. 

The capabilities and logical design of a 
computer naturally reflect its designers’ ob- 
jectives. In other words, the computer is 
intended to perform certain functions very 
efficiently, and these functions must be very 
minutely defined during the design stage. 

Thus, even a “general-purpose” machine 
does very specific things, though these things 
may be deemed statistically common or 
“general”. Special-purpose machines, on the 
other hand, do jobs that are not statistically 
significant in business or engineering. 

A general-purpose machine, in fact, can 
easily be too general for many applications. 
It is economically practical only to the de- 
gree that the business to which it is applied 
is composed of operations that match the 
“general” ones around which the machine 
was designed. 

Like its capabilities, a machine’s logic (its 
methods of solution—how it “finds” stored 
data, for example) can vary in design. Care- 
ful analytic comparison of job and machine 
is again the only correct approach. 

All of the possible comparisons which can 
be made add up to the answer to the ques- 
tion above. All possible comparisons is a 
large order, however; this article covers the 
most important ones. 


* Formerly with Law Rand, Inc. 
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I. Volume of data 


Volume of data to be handled must be compatible 
with storage capacity and speed of access to data. Logic 
enters here since filing (storage) of data for future 
accounting, necessary with manual procedures, may not 
be necessary if the machine can do accounting at once. 
Storage is expensive and must be kept to a minimum. 


II. Frequency of transactions 


Frequency of transactions and reports required by 
the business must be compatible with speeds of input 
and output equipment. This requires specific counts of 
the number of digits and characters in all reports that 
must be produced. 


III, Computations required 


Computation and rearrangement processes required 
must be compatible with the speed and logical design 
of arithmetic units and storage. The slowest electronic 
computer is usually satisfactory for business trans 
actions, but if, for example, storage arrangement in 
alphabetical or number order is considered necessary, 
a special file-processing computer may be the only 
efficient machine. 


IV. Data flow pattern 


Flow of data through business operations should be 
comparable to flow through machine based on design 
logic. If data flow does not utilize the logic of the ma- 
chine as designed, the business will pay for something it 
never uses, and will never get maximum efficiency from 
the machine. The data flow must, of course, reflect 
management’s needs, but it may be tailored to match 
the logical flow through a given machine. 


V. How data is composed 


Composition of data should be compatible with 
efficient machine operation; for example: data should 
be homogeneous (varying operations for subsequent bits 
of data is time consuming and costly); data complexity 
demands versatility (payroll problems require little versa- 
tility, but production control demands a lot); complex 





data should be divisible into workable segments (this 
can mean the difference between a giant computer and 
a small one); rare or exceptional data should not be 
handled by the computer (limit computer use to data 
which is statistically significant in the volume of work to 
be processed). 


VI. Length of processing runs 


Production runs (for large groups of data), as in 
manufacturing, are most compatible with efficient 
machine usage. Production runs often involve data 
files. To match job requirements with equipment speci- 
fications, statistics should be kept on what percentage 
of all unit records require reference, updating, and 
maintenance. For example, if every master unit requires 
updating by every unit record of input, batching by 
lots for sequential production runs is suggested. Where 
reference to a master file is infrequent, a random-access 
pattern may be best. 

One-shot runs are to be expected to some degree. 
\n example might be management requests for a reduc- 
tion of unusual statistics to mathematical representa- 
tion. Such rare runs demand expensive versatility, calcu- 
lating speed, and programming, and the values gained 
from them are usually difficult to predict. The first 
workable program is usually accepted, as the cost of 
improving it would not be worth the results 


VII. Amount of reference to files 


Processing data in batches is compatible with th 


slower calculating speeds. Cases where unit records 
may be accumulated for some time and then processed 
in batches are known as off-line processing, since the 
computer is not slaved to the rate of transactions. Off 
line processing is very common, because it is most 
ompatible with the processing speeds in punched-card 
ind magnetic tape filing svstems. It best where a 
high reference ratio to the master file is required, be- 
cause the batches can be organized in the same pattern 
is the file. Where a low reference ratio to the fil 
exists, on-line processing is usually better. In this case, 
transactions are processed in the sequence in which 
they occur (as in perpetual inventory applications 
High-speed, random-access storage may be necessary for 
on-line processing. 


VII. Equipment costs 


Costs of the computing equipment must be com 
patible primarily with the company’s pocketbook. Esti 
mates of savings to be gained with electronic com 
puters must usually be crude; operating experience will 
tell the real story. Actual operation of installation 
operating for several vears has convinced Arthur D 
Little, Inc., for example, that a firm with gross sales 
of about $4 million can buy a medium-priced com 
puter ($180,000); and that a firm with f 
$30 million can afford a “giant brain” ($1.25 milli 
Another authority suggests that justifiable computer 
costs might run 1 percent of annual And that 
innual 


ross sales 
1) 


yn 


maintenance costs on largc 


5-8 percent, and on small machines, 3-5 percent, of the 
basic machine purchase price. In cas¢ of breakdown, 
the business must have standby equipment, although 
ilmost all repairs can be handled during off-shift hours. 
Penalty clauses in the original contract might be con 
inexcusable and prolonged downtime. 

Programmers’ salaries range from $8,000 to $13,000; 
operators’, from $5,000 to $8,000. ‘Training costs of 
old and new employees are significant. And don’t forget 
the cost of floor space, air conditioning, ind other 
materials and furnishings. 

Planning and development costs will run as much 
1s the original equipment. Although hiring a consultant 
is a good shortcut, in the long run the company’s own 
inalyst’s experience will pay best (provided, of course, 
he has both electronics and business experience). 

To lick the inventory situation, check the chances 

stocks of tubes and circuits with nearby 


side red for 


hrms 


yaring computers, 


Depreciation—When com] plot a 
breakeven chart to determine the production point 
which must be maintained for the most expensive com 
profitable. Then select the correct 
mortization period. Five years is about average, al 
gh a shorter write-off period is desirable for pro 
duction-run type equipment. Ther no way of 
the life of a at 12 
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IX. Some rules to observe 


To conclude, be made: 
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AC Tachometer Compensation 
Without a Tach Generator 


A favored technique for compensating closed-loop servo systems involves 
the use of an ac tachometer generator, integrally mounted on the servo 
drive. Suppose, however, that the system lacks the space required for an 
integrally mounted tachometer. Can tachometer compensation be produced 
by some other means? The authors prove that it can. Not only does the 
“synthetic tachometer” give the benefits of an integrally mounted tach 
generator, but it affords more flexibility in locating the components required 
and appears to have an edge in the comparative cost picture. 


R. E. KERN and 
E. A. ROSENKOETTER 
The Emerson Electric Mfg. Co. 


Fixed - phase voltage — ||5volts 
Control-phase voltage - ||5volts 


co power factor, 
percent 
o rpm x 1000 
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[he synthetic tachometer feedback circuit, de 
veloped on the following pages, operates by detect 
ing the effect of the back emf generated in the 
control winding of a two-phase servomotor. ‘This 
back emf is a function of motor speed; hence, if 
its effect can be measured, a proportional feedback 
signal can be developed. This concept is similar 
to that of an integrally-mounted tachometer, which 
also supplies a voltage proportional to motor speed. 

One phase winding of conventional two-phase 
servomotors is supplied with a fixed voltage; the 
other, or control phase winding, is supplied with 
a variable voltage. A 90-deg phase angle between 
these voltages, together with correct pole spacing, 04 08 ‘ 2 16 20 2.4 
provides a rotating magnetic field that causes the sit & heii a diiteandias 
servomotor to rotate. Typical performance charac- si abit janie 
teristics of such a motor are shown in Figure 1. 
These curves may be used to explain in a semi- 
quantitative way how motor speed can be detected 
by measurements on the control phase winding. 
Using the plotted values of current and power fac- 
tor for the control phase winding, the in-phase and 
quadrature components of control current can be 
calculated. Figure 2 shows the results of such cal- 
culations. Note the pronounced speed sensitivity 
of the in-phase component. 

Figure 3 shows one method for detecting this 
in-phase component of the control phase current. 
Voltage drop across the series resistor, R, is propor- 
tional to the control phase current. ‘This voltage is 
applied to a phase-sensitive rectifier which is gated 
by a reference voltage having the same electrical 
phase as the control voltage. The rectifier (PSD) 
used here is half-wave gated, the time of gate occur 
rence determined by the reference voltage peak. 


Current, ma 


uo 
oO 


Fixed - phase voltage - |/5volts 
Control-phase voltage - 15 volts 


Speed, rpm x 1000 


FIG. 2. Speed sensivity of control current components 
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Wave shapes showing the rectifying proces 


Family of curves illustrating voltage effects 


Rectifier output voltage is stored on a condenser 
when the detector is not sampling (or cor w.ucting) 
and thus a dc voltage is produced. Figure 4 illus 
trated the time relations and wave shapes for this 
proc Cole 

As already indicated, the in-phase component of 
the control current varies with motor speed. It also 
varies with the voltage applied to the control wind- 
ing, so that a family of curves for the in-phase con 
trol current takes the general form shown in Figure 
5. Note that if the motor speed were held at zero 
and the control voltage raised from zero to some 
value, 4, the in-phase current would have the value 
I,;. ‘Then, if the load were gradually removed, the 
in-phase current locus would fall along the E, line 
on the curve. Voltage drop across the series resistor 
would be maximum at zero speed and minimum at 
full speed. However, since this voltage is to be 
used for velocity feedback, it should be minimum 
at zero speed and maximum at full speed. ‘This 
characteristic can be provided by subtracting a volt 
age proportional to the motor control voltage from 
the voltage across the dropping resistor. Figure 6 
shows how the circuit of Figure 3 can be modified 
to produce this effect. Rectifier output voltage then 
is primarily a linear function of motor speed. ‘There 
is very little output that is a function of motor con 
trol voltage because of the relative linearity of the 
motor-current/voltage characteristic. 


Original application 


It might be well to consider now the actual appli- 
cation for which this synthetic tachometer circuit 
was designed. ‘This will permit a more realistic 
understanding of the development problems. 

In a newly designed airborne instrument servo, 
space limitations on a 400-cycle servo drive were 
found to prohibit use of an integral motor-tachome- 


arrangement for detecting the in-phase < 


mponent 


ter. Still, the desired dynamic performance of the 
system required some form of compensation. ‘The 
error-rate technique was ruled out because of its 
tendency to produce high frequency oscillation or 
“buzzing” before the desired loop gain could be 
reached. ‘This made it quite sensitive to gear back 
lash. After careful study, the synthetic 
circuit was developed. ‘The test setup and some 
development problems will now be d 


tachometer 


ul sed 


The uncompensated servo 


Velocity and inertia of the driven load indicated 
that a 2.5-watt mechanical output, two-phase servo 
motor would be required. A 400-cycle 
amplifier, with de control windings, used to 
excite this motor. ‘This resulted in good reliability 
and eliminated the need for a large-current-capacity 
de plate power supply. In the test circuit, inertia 
of the gears and couplings, output load devices, and 
velocity measuring instruments amounted to about 
0.038 in.?-oz. at the servomotor shaft. Inertia of the 
servomotor itself was 0.022 in.2-oz. <A 
used for position feedback. 

Figure 7 shows a functional block diagram of th« 
test setup. It shows the “tachometer” feedback cit 
cuit and additional dc networks that may be used 
as trim-up compensation for the velocity-feedback 
compensated servo. Note that two phase-sensitive 
rectifiers were used. One provides direct current 
to the magnetic-amplifier control windings from the 
400-cycle synchro signal; the other, as mentioned 
earlier, is used in the “tachometer” feedback 
for rectifying and time gating the feedba 
Both these phase-sensitive rectifiers 
plug-in, commercially available assem! 


magnetic 
Was 


I'wo development problems 


rests with the developmental 
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Synthetic tachometer 





~) 
feedbock rcult aro 
CCDOCK CirCull g 


first that too much velocity feedback caused the cit 
cuit to become unstable and oscillate. Further 
analysis indicated that two major interrelated fac 
tors were also preventing optimum circuit pel 
formance. These were 1) the effect of quadrature 
voltage feedback on circuit stability, and 2) the 
nonlinear phase characteristic of the magnetic am 


plifier. ‘These will be discussed separately and then 
together. 

Figure 2 shows that the quadrature component 
of the motor control phase current was much higher 


in magnitude than the in-phase component of cut 


rent. ‘This meant that the quadrature voltage 
developed across the dropping resistor would also 
be much higher than the corresponding in-phase 
voltage drop. However, the phase-sensitive rectifier 
used to detect the in‘phase will not pass the quad 
rature provided the PSD reference is phased to 
sample the drop across the resistor at the zero cross 
over of the quadrature voltage. Consider what hap 
pens if the PSD samples to either side of the zero 
crossover, as shown in Figure 8. If the PSD sam 
ples at point 1, a large negative quadrature voltage, 
FE, will appear at the PSD output, together with 
the smaller in-phase component. If the PSD sam 
ples at point 2, a large positive quadrature voltage, 
F., will appear, along with a smaller in phase com 
ponent. ‘Thus, if the sampling 
instant were incorrect, its 
output could contain large 
amounts of either positive or 
negative quadrature feedback 
voltage. 

As investigation of the in 
stability problem proceeded, 
it was found that the mag 
netic amplifier used to sup 


Slight change 
directly proport 


Block diagram 
experimental synthetic 


FIG. 8. Effect of incorrect sams 


ply motor control phase voltage did not always 
supply this voltage at 90 deg to the fixed phase. 
Instead, the phase angle was observed to shift 
both with changes in amplifier quiescent dc bias 
control current, and with high signal levels. Since 
the PSD reference voltage was invarient, it was now 
realized that the phase shift through the magnetic 
implifier, coupled with the effects to be expected 
whenever the PSD sampled the quadrature, was 
causing the amplifier to break into an undesirable 
oscillation. 


Che solution 


l'o solve this instability problem two things were 
Quadrature voltage input to the PSD was 
diminished in magnitude by balancing it out, and 
the electric driver circuit for the magnetic amplifier 
was redesigned to minimize as much as possible the 
de level changes and the consequent variable phase 
shift. 

Ihe final circuit arrangement for the detection 
of the rotor velocity feedback voltage took the form 
shown in Figure 9. Components R and C were 
adjusted to balance out both the in-phase and quad 
rature voltage drop across resistor R with the motor 
stalled. Under test, this balance proved to be very 
good for voltages up to the saturation point of the 

magnetic amplifier. Excellent 
velocity feedback characteris 
tics were produced. Second 
ary compensation, consisting 
of conventional dc lead net 
works, was then incorporated 
to further improve the servo 
characteristic by correcting fot 
residual phase shifts within 
the magnetic amplifier. 


done. 


FIG. 9. Final circuit configuration 
— * ~~ ? . 
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Measuring DATA E 
Transformation Ratio 

and Phase Shitt 

at Carrier Frequency 


C. LASKIN,* Industrial Test Equipment Co 


Accurate determination of transformation ratio tion ratio are not accurate enough because of 
ratio of output voltage to input voltage) and their reading and loading errors. Oscilloscope 
phase angle of transformers, synchros, resolvers, measurements of phase angle can introduce errors 
tachometers, and other inductive transducers at — of 2 deg, an order of magnitude greater than that 
carrier frequencies is essential for balancing them permissible. The bridge methods detailed here, 
in measurement and control systems. Precise complete with suggested test instrumentation, 
balancing requires accuracies of 0.1 percent trans remove load errors by nulling currents. Thus, 
formation ratio and 10 min in phase angle. Volt the methods are as accurate as the precision ele- 
meter measurements for calculating transforma ments used in the balancing side of the bridge. 


I. Measurement of TR and leading phase angles 


TR = transformation ratio 

o = phase angle 

R > PR, 

} # l/wl, w 2af,f frequency 











Balance bridge by adjusting C and setting P for 
a null (in both magnitude and phase) on the 
detector, preferably a high impedance and high 
sensitivity oscilloscope (e.g., Dumont 304A 

At balance, 





Vou/V ~ 
out/ Vi + 7X 
. . Te ; > 
= voltage divider setting l‘herefore, 
= capacitance of precision variable capacitor 
(accuracy 0.1 percent 
total resistance of voltage divider (linear to 
within 0.005 percent 


II. Measurement of TR and lagging phase angle 


Replace the capacitor with a precision vari _ > — tan 
able inductor. It must be accurate to within rR = Peos ¢ . 
0.1 percent and must have a high QO and an ac If the ac resistance of the Inductance 
resistance no greater than 1/1000 of Rp. than 1 1,000 of Rp, its effect must bh 
I'he conditions at balance then ar 
ne . my any “pe variable inductor _g = —tan7X R k 
Xp =wlh=27n) Peos ¢ [Rr/(R ki 
Using the same analysis as used in section I, Where R,; = ac resistance of inductance on 
the conditions at balance are balancing side of bridge 
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[1]. Measurement of TR and small leading or lagging phase angles 


Place the precision variable capacitor and in- the inductor, the conditions at balance then are: 
ductor in series. Neglecting the ac resistance of @ = + tan-!(X,. - Xz)/Rr. re = Pcos¢ 


IV. TR and phase angle determined from their in-phase and quadrature components 





in—Phase Adj- 


Zero Phase 
Best Tronstormer ©9€9 aime 1 
TR=!+ 0005 percent 
—9 deg+ Oldeg ~~? 


Ps TR: 1+0.005 percent Ratio Transformers 
Excitation 90 deg a 
Voltage , Phase 
Frequency Shif ter 
30-1000 


et 


[he bridge circuit shown sums two voltage I'he 90-deg phase shifter shown in the diagram 
components, one in phase and another 90 deg is a differentiating amplifier of the type shown 
out of phase with the excitation voltage, and below. Amplification must be greater than 1,000 
compares their sum with the output of the trans for phase shift to be 90 deg + 0.03 deg and TR 
ducer under test. Any difference is fed into a to be ] 0.005. 
detector which can sense in-phase and quadra I'his method is the most accurate. It meas 
ture voltages (e.g., Industrial Test Equipment’s 
“Phazor” phase meter). 

rhe in-phase and quadrature voltages, as dc 
tected by the phase meter, are reduced to zero 
by adjusting the ratio transformers (e.g., Gertsch’s 
“Ratiotran”, linear to within 0.001 percent). 

(hus, the readings of the in-phase and quadra 
ture settings are, in effect, the vector components 
of the transformation ratio. 











0 d 
WQuocroture 


\ 
90 deg 270 deg Adjustment 


a Ko 














v 

















k= Bridge 


| Test = O8| Transformer 
| Transducer Detector 








K; in-phase ratio-transformer setting 
K, = quadrature ratio-transformer setting ures TR to within 0.01 and phase angle to within 


TR = (Ki)? + (K,)'}!2= Ki/cos ¢ . 
ae a kK." ; ; 0.1 deg for TR less than 1 and for all phase angles 


V. Servo instrument for determination of TR and phase angle 


I'he system shown will automatically display for TR less than 1 and for all phase angles are 

on counters the in-phase and quadrature compo possible. 5 = tan-1 Quadrature counter reading 
a 3 . y rea) ta ° 

nents of TR. The analysis outlined in section I\ In-ph ase counter read ing 
applies. Measurements of TR accurate to within 

TR = 


0.02 and phase angle accurate to within 0.2 deg cos } 


In-phase counter reading 


Voltage dividers 
Si oO 


linearity 0.01 %-~~_ in- Phase Counter 


’*% 
Zero Phase FIGS ~~, 
Shift. Trorsformer lt ‘LooJ Quadrature 
TR= 240005 Percent | * W) ejector r 


a, 
. 90 deq #0! deg 57> HRII->, 
EXCHtatior Phase Shifter ie, - 
Voltage, . 
F requen cy 2+0( ’, : ® 
30-1000 (%) 
“rs 


x x 














~ —Quadrature 


Counter 
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Design for extra sales features 


...with Mallory Mercury Batteries 


When you plan new battery-powered products, give 
them the extra features that spell sales success—by 
designing around Mallory Mercury Batteries. These 
unique batteries, pioneered and perfected by Mallory, 
are a key component in many of today’s brightest new 
electronic products ... transistor radios, alarm 
tems, portable instruments, pocket tape recorders. 


sys- 


Design for miniature size. Tiny Mallory Mercury 
Batteries put a lot of energy into minimum volume. 
The battery is no longer the limiting bulk component 
in your designs. 


Design for user convenience. Mallory Mercury Bat- 
teries outlast ordinary batteries several times—both in 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. 


Serving Industry with These Products: 


Electromechanical — Resistors ¢ Switches ¢ Tuning Devices © Vibrators 


Electrochemical — Capacitors ¢ Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts e Special Metals © Welding Materials 


service and in storage. Nuisance of frequent battery 
replacement is ended. Cost per hour is low. 


Design for user satisfaction. This battery sets a new 
standard of performance. Its constant discharge pro- 
vides fade-free operation, exactly matches transistor 
requirements. Its voltage is amply accurate for use as 
a reference in many instrument 
Its rugged design withstands extremes of 
ture and humidity. 


and bias circuits. 


tempera 


Write to Mallory today for data on the complete range 
of ratings and sizes, and for engineering assistance on 
your specific applications. 


MALLORY BATTERY COMPANY - CLEVELAND, OHIO 


a division of 


MALLORY & CO. 





P.R. MALLORY & CO. inc. 


ALLORY 


INDIANA 


| 


P. R. Inc., INDIANAPOLIS 6, 
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Now...measure 200 to 10,000 amperes with 
isolated meters—CONTROL’s Standard Transductors 


CONTROL transductors have made obsolete the use of 
shunts for metering or recording heavy d-c loads. Now, 
for the first time, a standard line of transductors— 
nine units ranging from the 200-amp to the 10,000-amp 
size—make it possible for the systems engineer to measure 
high bus currents without direct electrical connections 
into the circuit. 


CONTROL transductors are saturable reactors, through 
which the bus or cable passes. Output is linearly propor- 
tional to the bus current, with an accuracy to + 1% of 
full scale reading. Supply voltage variations of + 10% 
will not affect this accuracy. 





In addition to eliminating the need for breaking into the 
circuit for connections, the CONTROL transductor has 
another major advantage over the shunt-millivoltmete 
The transductor will deliver relatively large amounts of 
power to permit such things as overload relaying and to 
permit a feedback signal for a magnetic amplifier. 

No longer need you be dependent upon “what’s avail- 
able” or a special design. Catalog T-10 gives you a stand- 
ard range of transductor sizes to meet your every need. 


For full details ... CONTROL, Dept. CE-43, Butler, Pa. 


os 


Reliability begins with CONTROL. 
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IDEAS AT WORK 


Use Standard Functions to Test 
Pneumatic Systems 


ROBERT REID 


Convair, San Diego 


Several characteristics make air at 
tractive as the signal transmission and 
control actuating medium for aircraft 
control systems 

e Air need not be returned to thc 
source, but can be dumped to atmos 
phere after use. 

e ‘l’emperature 
tolerable 


usually 
Control air-flow can serve 
the incidental function of cooling. 


effects are 


¢ Response rates can be surprising]; 
high. 

e High reliabilitv is attested to by 
1 long record of service in industry 

e Fabrication and installation are 
usually cheaper for pneumatic con 
trols. 

The advantages are offset, however, 
by nonlinearity in some areas: 

(1) ambient pressure vs. altitude 

2) expansion vs 

ture rise 


rate of tempera 


compression vs. 
in a cylinder 
flow rate vs. 
tial 
compression vs. rate of com 
pression 
(hese nonlinearities rule out a ngid 
mathematical analysis and experimen 
tal testing calls for pneumatic genera 
tors of the commonly used test func 
tions; especially the sinusoid, step, and 
ramp. 


displacement 


pressure differen 


Sinusoid generators 


Several methods are practical fot 
making air pressure vary sinusoidally 
with time. Each has frequency range 
limitations and waveform distortions. 

Mechanical stroke pumps can pro 
duce fairly large pressure amplitudes 
at the lower frequencies, plus and 
minus 5 psi being easy. This ampli- 
tude increases with frequency for a 
fixed pump stroke because of com- 
pressibility of the air and momentum 
effects in the drive system. 

The stroke pump can be driven by 
an electromechanical driver of the 
kind used in vibration laboratories, 
and a high-power electronic amplifier. 
A variable-frequency oscillator can 
then be the signal source. In this 


way, the stroke pump can be used up 
to about 150 cps. However, the am 
plifiers for most electromechanical 
drivers cannot deliver much powe1 
Distortion effects 
in an electromechanical system arc 
readily reduced by feedback 

\t frequencies higher than 150 cps 
1 high-power 
One to two 
cubic inches is about all the spac« 
which can be excited by a 35- to 50 


watt acoustic driver, so that an adaptet 


below about 5 cps 


is convenient to use 
loudspeaker horn driver 


must be made to provide an enclosure 
to which the sensors under test can 
be connected. Figure 1 shows an 
issociated 
equipment set up to test a sm ill pneu 
matic filter. ‘The test chamber, which 
screws onto the driver in the same 
wavy as the original horn, is cone 
shaped to diffuse the acousti 
ind prevent formation of standing 
waves within the Ampli 
tudes of plus and minus 1 psi have 
been generated in this chamber over 
the range from 200 to 1,200 cps 
Smaller amplitudes can be generated 
over an even wider rang¢ 

Greater amplitudes can be genet 
ited with the standing wave phenom 
enon associated with tubes. Amplifi 
cations of 5 to § are easilv attained 
it resonance, so that signal amplitudes 


icoustic driver and some 


output 


chamber 


of plus and minus 5 psi can be gen 
erated. It becomes necessary, however, 
to change the length of the tube when 
tuning to new frequencies. 

Ambient pressures other than room 
pressure can be simulated in any of 
these devices by manifold connections 
between the front and back of the 
driving diaphragm or piston, as illus 
trated in Figure 2. Very small diame 
ter tubing should be used to prevent 
draining off the dynamic signal. 


Step functions 


Step changes in pressure are pro- 
duced most easily by bursting a dia- 
phragm which separates two chambers 
initially at different pressures. The 
two pressures will then equalize very 
rapidly. The reservoir compartment 
should be very much larger than the 
test section because the device being 
tested will very often have some 
capacity itself, and it is important to 





have the 


while the device 
burst-diaphragm p u tep gen 
ator is shown in Figure 3. The ratio 
of compartment volumes in the Con- 
vair unit is 159 to 1, the reservoir com- 
partment having a volume of 373 cu 
in. The cellophane diaphragm is burst 
by a solenoid-actuated knife-edg« 
‘Very small pressure steps are diff 
cult to generate because the low pres- 
sure differential does not open the 
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REGOHM SOLVES Another Electronics Control Problem 


REGOHM REGULATOR 





ADJUSTABLE a 
AIR DASHPOT — ACTUATING Coit | 
AND ARMATURE 
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in this application, the REGOHM signal coil 
senses filament emission, and switches resis- 
tors (R-1 thru R-11) in or out in sequence to 
correct for changes in input voitage, and also 
for changes in emission as the ® filament ages. 


CONTROL 
RESISTORS 





REGOHM REGULATOR MAINTAINS CRITICAL 
0.05% ELECTRONIC EMISSION IN DIATRON CIRCUIT 


“The final design was made possible %. 72 normous power gain provided 
Please write for design data and perform- 
ance specs on REGOHM multi-stage regu- 


lators in applications similar to this. 


by the Electric Regulator Corporation's through flat npounding; the current 
” I) pon tact 
° en ntacts being 


that reé¢ quired for 


ten step contact finger regulator . 
That is the tribute paid to REGOHM’S 
nulti-contact voltage control by Consoli- 
dated Electrodynamics’ engineers in speaking 
of their Type 24-210 Leak Detector 
The REGOHM regulator is used to pro- jea into 


fe an accurately controlled voltage to the Adjustable dashpot to check oscillati 


sten filament in the Diatron mass spec- tendency in the 


eter tube. It is this filament that produces emeriamiteels 


electron bombardment of the sampled »» boldinw voltace in the eéenlatos 


gases passing through a magnetic tube when relays are open — to prevent 


causing each gas ion to assume a distinctly destructive surging when filament is 


different path. This selective action affords svitched on 


The REGOHM'S unique combination of 


advantages — flexibility, plug-in design, com- 





the means for detection, and quantitative 
measurement, of the specific gas concerned. 


Tests with other regulating devices, such 
as thyratrons or mercury-wetted contact ‘re- 
lays, were unsatisfactory — either because of 
poor performance or excessive costs. 

The following distinct advantages were 
acclaimed for REGOHM by Consolidated 
Electrodynamics eee 
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pact size, outstanding reliability, and low 
cost — is providing the answer to difficult 
regulation problems in many types of circuit 
Why not consult our engineering staff to see 
how well it can fit your application? Please 
contact Electric Regulator Corporation, 
Norwalk, Connecticut. 


REGOHM 


ELECTRIC REGULATOR CORPORATION 


NORWALK 


CONNECTICUT 





diaphragm sufficiently to obtain fast 
rise times. One solution is to make 
the cellophane diaphragm very brittle 
by preheating. By this means, 250- 


microsec rise times have been ob- 


tained for steps as low as 0.5 psi. 


Ramp functions 


Ramp functions can be generated 
with any slope desired by taking ad- 
vantage of the critical-ratio flow con- 
dition across an orifice. When the 
source pressure compared to the ex- 
haust pressure is 1.89 or greater, a 
constant mass transfer condition is 
established across an orifice. If the 


orifice exhausts into a fixed volume, 
the pressure into this volume will 
increase at a constant rate dependent 
on the size of the volume and orifice. 
In general, it is considerably easier to 
change the orifice than the volume in 
order to vary the slope of the ramp 
function. 

The ramp function can be gener- 
ated by inserting an orifice on the 
burst diaphragm unit. Usually, it is 
convenient to evacuate the reservoit 
and test section together (the dia- 
phragm is not used) to a low pressure 
level, with the orifice closed off. The 
atmosphere then provides the source 


pressure until the internal chamber 
pressure is up to nearly half 
pheric. Above this point the ramp 
becomes nonlinear. In general, the 
greater the slope of the ramp 1s, the 
greater will be the lags found in the 
system under test. A ramp function 1s 
usually used to determine response of 
systems too slow for sinusoid or step 
function methods 

It would be desirable also to pro 


duce a pneumatic function which rep 


i 
ilt pel 
{ pel 


atmos- 


resents a constant itude change 
unit time. This requires a controllable 
exponential function, which so far ha 


not been produced satisfacton 


A Simple 60-cps Phasemeter 


RICHARD K. DICKEY 
California State Polytech 


(he control engineer often finds 
necessary to determinc the relative 
phase of two 60-cycle signals. Usually, 
one voltage is that of the power line 
(115-volt sine wave) and the other is 
the output of an electronic or mag 
netic amplifier (consisting of a funda 
mental, harmonics, and uncorrelated 
noise). The phasemeter described 
here will measure the relative phase of 
the 60-cycle component of the am- 
plifier output regardless of the noise 
or harmonics present. It is small 
enough to be carried about easily, and 
simple enough to be built by any con- 
trol engineering group 

Ihe complete circuit appears in the 
diagram. 
solver; 


The machine shown is a re- 
actually a synchro control trans 
former was used by splitting the third 
leg off at the Y in the winding. A 
phase-shifting circuit can be made 
which will provide balanced three- 
phase to an unmodified synchro con- 
trol transformer, but its adjustment is 
more difficult than the resolver’s or 
modified control transformer’s. The 
shaft carries a pointer knob, reading 
on a linear 0-to-360-<deg phase dial. 

\ matching transformer provides 
the correct voltage to the meter field 
and minimizes the load on the 


rotor. 


resolver 
This is an audio plate-to-line 
transformer with a suitable turns ratio 
about 10:1 in the original unit) 

The meter is a Roller-Smith type 
DS ac Rapier setetioeny presently avai! 
able hee ibout $50. In this circuit it 
has a sensitivity better than 500 ohms 
per volt for full-scale deflection. 

The range extending resistors are 
not critical, because the primary pur- 
pose of the range switch is to prevent 
overheating of the meter coil on high- 
voltage measurements. Ranges are: 


Oa. is, 3-30. 30-100. and 
100-300 oii \ fuse is recommended 
to avoid burning out the meter coil on 
noise, harmonics, or out-of-phase fun 
damental without any warning deflc 
tion on the meter. 

R and C must be adjusted so that 

a symmetrical field is set up in the 
resolver. To do this, the following 
method is the most expedient 

1. Excite the quadrature winding 
l'urn the rotor for zero volts 
duced in the rotor winding and 
mark this position D. 

Fxcite the direct winding. Turn 
the rotor for zero-induced volt 
age and mark this position O 
Excite both coils in parallel, with 
resistance and capacitance 
shorted out. Note the positions 
of maximum voltage. If there is 
no position of maximum voltage 
between the D and QO marks, 
change one mark by 180 deg. 
With R at about 1,000 ohms, 
adjust C for resonance with the 
inductance of the O winding. 
Adjust R that the rotor volt 
ages read in the D and QO posi 
tions are equal. 

6. Adjust C so that the voltage read 
midway between the D and O 
positions is equal to the D and 
O positions (keep R_ adjusted 
for equal D and O readings 

If the voltage midway between D 

ind O is high, 


versa. 


10-30, 


decrease C and vice 


A resolver with one stat 
field shifted 90 deg is a con 
stant-amplitude phase shifter 
that can be compared di 
rectly with the signal to be 
measured 4 dial on the 
resolver shaft shows relative 
phase angle between the in 
put and the reference 


When values a found su 
the rotor voltag independer 


++ 


roto! position, th hase shift 
rotor voltage wil d¢ equal 
angular displacement of the rot 
Loading by the meter field will caus« 
ome unbalanc« it the resulting 
should ho «ceed 2 aie? Also, 
some friction must be added 

rotor shaft, as a rotor loading « 
20.000 ohms deve O} ome torque 


CITOI 


l’o set the initial zero in the 
meter, first set the voltage selector to 
the highest re and connect thic 
terminals to the same source as the 
resolver excitation. Adjust the 
position for zc! 
the pointer at 0) 
of residual phase 

lo operate 
115-volt line 
with the voltag 
the highest vol 
the voltage is 
phase dial 
tion, set the range 
tion of from 4 scak 
the phase dial for 
tion and read pha 
may be determin 
tion of the met« 
dial. It was con 
nal instrument t 
phase dial mov 
movement indi 
Relative phasc 


mav be deter 


Resolver 


+ 





Ys, Y2 and l-second re- 
corders speed research 
and test projects by pre- 
serving accurate data. 
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Honeywell 


Measure rapidly changing 
variables with Zlectno7ikK 


fast speed recorders 


Its high-speed recording makes the ElectroniK instrument ideal for 
accurately measuring split-second changes in many types of 
variables. Three models are available, with pens which traverse 
the full 11-inch width of the chart in !4, 4 or 1 second. 


ElectroniK fast speed recorders combine the accuracy and depend- 
ability of standard ElectroniK instruments with special pens, 
specially geared motors and high powered amplifiers . . . to give 
precise, complete records. 


You’ll find these recorders particularly valuable in rocket or guided 
missile testing, spectography and other analyses, and jet engine 
development. Use them to measure thrust, torque, strain, tem- 
perature, pressure, fuel and air flows, and other rapidly changing 
variables requiring continuous, accurate recording. 


Get complete details from your nearby Honeywell field engineer. 
He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industria! Division, 
Wayne and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 





Automatic Blender ‘lakes to the Road 


\ mobile automatic blending system devel- 


oped by Elliott Brothers of London turns as- 


phalt batching into a semi-continuous process. 


P. A. JASSOY 
ELLIOTT BROTHERS 


In the mobile asphalt-mixing plant 
Parker, Ltd. of 


Figure | 


manufactured by F., 
Leicester, England sec 

aggregate are fed from 
+ 1} 


storage bins and weighed sequential 


three tvpes of 


in one weigh hopper, while discharges 
f bitumen and filler are fed into sepa 
rate compartments of another weigl 
\ blending cvcle follows, di 


vided into two 


three types of aggregate are mixed 
vith the bitumen, and then the fille: 
1S idded and blended. 
first blending period, a new batch 
of agg is weighed; during the 
second blending period bitumen and 


regate 


filler are weighed, 

Controls for the unit are housed 
in the console shown in Figure 
These include two 50-in. indicating 
scales with set-point markers, a_se- 
quence controller, and a timer unit 
containing two adjustable _ timers, 
three fixed timing relavs, and a num 
ber of other relays. Three modes of 
operation are all-manual, 
manual with timers, and automatic 

On automatic operation, the opel 
itor merely sets up the required 
weight of each ingredient, gives the 
machine appropriate instructions as 
to the sequence to be followed, and 
presses the start button. The control 
unit then weighs out the correct pro 
portions of aggregate, bitumen, and 
filler, delivers these materials to the 
mixer, and times the mixing opera 
tions. This complete cvcle is repeated 
until the required number of batches 
has been delivered. 

Safetv interlocks shut down the 
plant if any of the bins are empty or 
if anv of the electronic equipment 
fails. The plant will not commence 
operation until the discharge door is 
closed and it is impossible for two 
batches to be delivered to the mixer. 


possible 


periods. First the 


During the 


London), Ltd. 


The basic weighing instruments 
ire the load cell and the self-balan¢ 
ing bridge indicator The load cell 


ges bonded 


consists of four strain ga 
] } ] 
to a steel billet and connected as a 


re network. ‘The billet, sealed in 


Drag 
1 strong case, is deformed by an ap 
plied load. in 
of the strain gages and unbalances the 
bridge network. An exciting voltage 
ipplied to two terminals of the bridge 
produces an unbalance voltage pro 
portional to load across the other two 
terminals 

Ihe self-balancing bridge indicator, 
amplifies the 
voltage from the load cell or cells, and 
uses it to drive a servomotor, which 
is coupled to the dial pointer he 
pointer shaft is geared to a precision 
potentiometer in the 


I his alters the resist 


Figure 3, unbalance 


measuring 








FIG. 2. Control conso 
three operating modes 


bridge circuit 
until the unbal 
measuring 
posite to tha 
There is tl 
umplifier 
MoOvVe 
pointer 1s 
The indi ign provid five 
easily adjustabk h one 
Is associated i slide 
wire, which nergized from the 
same source ” slidewire. 
When the moving contact on. the 
slave is in mecha 1 and electrical 
coincidence Wi | preset contact on 
the set-point slidewire, the associated 
off controll 
ites. The on/off 


output relay oper 
ontrollers are high 
gain, phase sensiti implifiers with 
multipole relavs th 


output circuit 
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ELECTRIC 
PREDETERMINING 
COUNTER... 


for remote 


operation of 


~ — 
= 


machines, processes, 
materials handling 


eae 


This Veeder-Root automatic prede- 
termining control device offers, in a single 
unit, new convenience and flexibility in 
the solution of machine and process con- 
trol and materials handling problems. 
Five readily set control knobs provide 
great ease in establishing any of the 
100,000 possible control points. The elec- 
tromagnetic counting unit permits the use 
of a wide variety of remote actuators, 
switches, contactors, electric eyes, or other 
sensing units. This provision, in conjunc- 
tion with the several possible electrical 
control circuits, allows completely remote 
operation of the controlled equipment. 


ENGINEERING 


y 


Predetermining control units can be 
grouped in a single central location for 
convenient setting of the predetermined 
quantities and visual monitoring of the 
accumulated counts. Additional ease of 
operation is afforded by the two-second 
duration electric reset which allows com- 
pletely automatic recycling, automatic 
reset in preparation for the following 
cycle, or push button reset whenever de- 
sired. For full details, write: 


VEEDER-ROOT INC. 


HARTFORD 2, CONNECTICUT 
Hartford, Conn. « Greenville, S.C. « Altoona, Pa. « Chicago 
New York « Los Angeles « San Francisco « Montreal 
Offices and Agents in Principal Cities 





ervo Control 
ora Large 


Optical Tracker 


VIORTON H. MEHR 
Perkin-Elmer Corp. 


The advent of high-speed missiles 
has brought a demand for fast-lens 
telescopic tracking systems. Perkin- 
Elmer's Recording Optical Tracking 
Instrument, ROTI Mark II (see Fig- 
ure 1), is designed to meet these re 
quirements. Its extremely long focal 
length telephoto system can clearly 
distinguish an object as small as a 
Coke bottle four miles away. 

Early aircraft tracking systems 
consisted simply of a conventional 
16- or 35-mm motion-picture camera 
mounted on a tripod. As target speeds 
increased, faster, more accurate track- 
ing mounts were required. This led to 
the development of geared displace 
ment, hand-powered tracking mounts. 
Better mounts followed with 
power drives. These were belt-driven, 
variable-speed units, often assembled 
to modified machine-gun mounts. 
Ultimately, hvdraulic-driven mounts 
were developed to combine increased 
speed and smooth operation. 

In the ROTI Mark II, a modified 
5-In. gun mount supports the long 
focal-length telescope. The 2,000 Ib 
telescope system is rigidly secured to 
supporting trunnions. These, in turn, 
sit on the gun mount which permits 
azimuth rotations of 720 deg and ele- 
vation excursions of 200 deg 


soon 


FIG 


Aided 
tracking 
network 








of aided tracking loop 


FIG. 1. Operator supplies command signals f 


Design requirements of the ROTI 
called for the mount to operate 
smoothly without vibration, to have 
a high frequency response, and to po 
sition itself accurately by remote sig 
nals. Long-focal-length telephoto lens 
systems tend to exaggerate slight me 
chanically induced vibrations, thereby 
causing poor picture quality. Vibra 
tional affects causing the primary mit 
ror to rotate as little as 1/6 sec of arc 
would deteriorate resolution and errors 
would result. 

Two modes of operation were de 
signed for the ROTI: aided tracking 
and remote. In aided tracking, a man- 
ually applied signal on a hand control 
is translated to electrical impulses that 
drive an hydraulic servo unit. ‘The 
servo unit develops mechanical torque 
to drive the mount. The system repre 
sents a closed-loop servo, with the op 
erator inserted in the loop. Figure 2 
shows a simplified schematic of this 
system. A tachometer geared to the 
hydraulic drive shaft generates a sig- 
nal proportional to shaft velocity. ‘This 
signal, fed back and subtracted from 
the aided tracking signal, produces an 
error signal. The voltage to the servo 
amplifier dampens the response of the 
instrument. 

In remote operation the servo-drive 





Simplified schematic 
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Servo 
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is connected as a position servo. Svs 
tem input is a radar signal fed to a 
pair of synchro control transformers. 
I'he output of the svnchros feeds the 
servo amplifier to drive the hydraulic 
servo. This, in turn, drives the mount 
Ihe output of th tem is again the 
elevation and azimuth response of the 
mount. Figure 3 shows a simplified 
schematic of the remote mode 

Phe hydraulic 
selected because it afforded a greater 
horsepower-weight ratio. ‘The heavy 
vibrating equipment could then be lo 
cated off the mount and higher fre 
quency responses could be realized 
Ihe hydraulic servo-drive assembly 
converts a small electric current from 
the servo amplifier to 
torque to drive the mount 
shaft generates the 


o drive unit was 


mechanical 
Uhe drive 
tachometer volt 
age through a gear train to produce a 
signal proportional to shaft velocity 
It is this tachometer voltage which is 
subtracted from the aided tracking sig 
nal to produce the error signal 

The completed ROTI teles« ype, 
mount, and astrodome weighs seven 
tons, vet it responds quickly, 
and accurately. Picture quality 
cellent over the entire range of 
lengths, and target alignment a 
is within 20 sec of 


smoothly 














Servo | } Hydroulic | 
amplifier | | servo 
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ROTI's tracking servo loop 





BRISTOL METAGRAPHIC RECEIVERS : 


“EKasiest ‘bumpless 


LOAD 
UNLOAD 


MEASURING and RECORDING or AUTOMATICALLY 
TRANSMITTING INDICATING CONTROLLING 


a 


BRISTOL METAGRAPHIC INSTRUMENT SYSTEM SIX-POSITION SINGLE-KNOB TRANSFER STATION (enlarged view) for cas- 
cade service. Three-position manual-automatic station is also available, 


CONTROL ENGINEERING 








ONE OF 38 METAGRAPHIC RECEIVER MODELS you can choose from, all 
with 5” x 5%” panel, all fitting into same 4 9/16” square panel cut-out. 
This Metagraphic Recording Receiver has single-knob six-position transfer 
Station, gives easy start up and initial adjustment and completely “bump- 
less transfer” in complex cascaded control systems. Single-knob, six-posi- 
tion transfer station lets you select: 
1. Completely automatic-cascade operation. 
2. Automatic operation of slave loop alone. 
3. Manual operation. 

You get “bumpless transfer” both ways between all three conditions. This 
convenient switching greatly facilitates start-up of cascaded systems and 
initial adjustment of slave controller proportional, reset, and derivative 
actions. 

















METAGRAPHIC INDICATING RECEIVERS have full 9-inch scale for easy read- 


ing; feature: Complete 10-second interchangeability with recorders, show 


METAGRAPHIC RECEIVER shows measured variable 
point (B), and valve position (( | | 
valve position as well as set point and controlled variable. Highly visible what makes manual-automatic tra 


fluorescent paint on pointers makes deviation of set point and variable and error-free with this instrument 


instantly apparent from as far as 20 feet away. 


transfer’ you 


That’s what instrument men say after trying the Bristol 
Metagraphic Pneumatic Receiver—even in complex cas- 
cade control systems. 

Just seal, match pointers, transfer. There’s not a sin- 

gle value to read. It’s that easy because the Metagraphic 
receiver gives you one-knob control plus continuous 
valve position indication on the same scale with set point 
and measured variable. 
A genuine plug-in receiver. The Metagraphic is a true 
plug-in receiver—no finger-disconnects. Jt plugs and un- 
plugs in 5 seconds with no loss of automatic control. The case 
acts as a blind controller while the receiver is out. 


Don’t pay for pre-installation errors. The Metagraphic’s 


pointers with knob (D), transfer 


ever saw” 


full plug-in versatility lets you switch from indicator to 
recorder in less than 10 seconds, interchange many re- 
ceiver models, change recorder range simply by chang- 
ing chart. Cuts down on costly reinstallations if process 
requirements are changed. 

Write for the complete story on Bristol Metagraphic 
Receivers. Bristol gives you the widest selection of plug- 
in miniatures on the market— pneumatic, telemetering, 
electronic. (Full-sized instruments, too.) The Bristol 
Company, 101 Bristol Road, Waterbury 20, Conn. 


BRISTOL (ii 
PROCESS INSTRUMENTATION 
AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Designs of the Month Information Display Instruments 
LISTING IN GROUPS Research & Development Control Devices 
Measurement & Data Transmission Final Control Elements 


Component Parts 


NEW MEMORY stores without cores. 


The photo at the left shows an experimental magnetic 
memory array set up by engineers at Bell Labs to evaluate 
their new ““Twistor” memory devices. The name ““T'wistor” 
comes from a characteristic of magnetic wire. Torsion applied 
to such a wire shifts the preferred direction of magnetization 
from a longitudinal to a helical path. Coincidence of a circular 
and a longitudinal field can then be used to insert information 
into this wire. 

The new concept opens the way for the construction of 
magnetic memory arrays by merely interweaving horizontal 
copper wires with vertical magnetic wires. 

In practice, a current pulse through the magnetic wire pro- 
vides the circular magnetic field, and a current pulse through 
the copper wire provides the longitudinal field. Thus, storing 
a bit requires two coincident current pulses. Readout is 
accomplished by overdriving the longitudinal field in the re- 
verse direction. Readout signals are sensed across the mag- 
netic wire. Investigations now under way indicate that wire 
diameters as small as 1/1,000 in. may be feasible. In the 
experimental setup shown here the longitudinal fields are pro- 
vided by small solenoids wound on glass tubes. Actually, with 
the plain copper conductors the array would look more 
like an ordinary window screen.—Bell Telephone Labora- 
tories, New York. 


Circle No. 9 on reply card 


SAMPLING SWITCH uses sealed contacts. 


This high-speed, multichannel, low-level sampling switch 
uses a permanent magnet rotor to sequentially operate indi- 
vidually hermetically sealed contacts. It is intended for sys- 
tems in which low-millivolt voltages (i.e., those obtained 
from strain gages and thermocouples) must be measured. 
Multiplexing at low level to the required accuracy eliminates 
the need for individual channel amplifiers between the signal 
and multiplexing switch. 

The model shown in the photo is a 40-contact, 30-rps 
switch with a 110-volt, 60-cycle synchronous motor. Dimen- 
sions are 5 in. in diam by 23 in. long exclusive of the motor, 
which is 54 in. long. Other configurations are available with 
various numbers of contacts per deck and various motor 
speeds and voltages. Specifications include: dynamic contact 
resistance below 0.25 ohms; open-circuit resistance above 
1 million megohms; minimum switch cycle time (including 
breakaway, transit, and dwell times), under 500 microsec; 
contact make or break current up to 10 ma; voltages up to 
10 volts.—The Magnavox Co., Los Angeles, Calif. 
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RUGGED TACHOMETER uses phototransistor. 


The SIE ET-1 Electronic Tachometer provides accurate 
rotational speed indication over the range of 0 to 1,000 rpm 
(ranges to 12,000 rpm are also available). Rugged transistor- 
ized circuitry makes it immune to temperature changes be- 
tween minus 30 and plus 160 deg F, voltage changes 
between 95 and 135 volts, and frequency variations between 
50 and 65 cps. The 14 lb transducer contains a light source, 
a graduated disc, and a phototransistor. Rotation of the disc 
produces pulses that control the charge and discharge of a 
precision capacitor. As the capacitor discharges through the 
meter, readings are proportional to the frequency of capacitor 
discharge.—Southwestern Industrial Electronics Co., Houston, 
Tex. 
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VOLTAGE MONITOR reduces system error. 


According to its manufacturer, this new voltage monitor 
will reduce normal telemetering and recording system errors 
from 4 or 5 percent to 0.04 percent or less. Basically a light 
weight servomechanism, the unit accepts analog signals from 
sensing devices such as temperature probes, pressure transduc- 
ers, potentiometers, or synchros. Output is provided by po- 
tentiometers, synchros, or coded discs. ‘These are shaft-driven 
through a precision gear train at a ratio of 100:10:1 with 
respect to one another. A typical unit is 6 in. long. With in 
put impedance as high as 100 or 20 megohms, system error is 
no more than 0.04 percent. Repeatabilities as close as 0.005 
percent have been obtained over long operating periods.— 
G. M. Giannini & Co., Inc., Pasadena, Calif. 
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RUGGED FLOW METER suits process field. 


Designed primarily for the oil and chemical industries, this 
compact, bellows-type flow meter maintains an accuracy 
within 0.5 percent even when ambient temperature changes 
by as much as 100 deg F and static pressure reaches 2,500 psi. 
In operation, a differential pressure is applied to the bellows 
unit through high- and low-pressure connections. Any change 
in differential pressure causes the liquid fill in the bellows to 
move from one side to the other, thus changing the tension 
on the range spring. This, in turn, moves the bellows con- 
necting rod, repositioning a torque tube arm. The torque 
tube shaft then adjusts the transmitter output. Fifteen differ- 
ent range springs are available——Minneapolis-Honeywell 
Regulator Co., Philadelphia, Pa. 
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CIRCUIT TESTER features taped program. 


This new circuit tester, called the CTI Supertester Model 
180, permits tape-controlled pushbutton operation by an un 
skilled worker. It performs production and maintenance tests, 
including measurements of impedance, ac and dec voltages, 
resistance, leakage, and continuity, on a go/no-go basis ac- 
cording to the sequence, value, and tolerance information 
punched into a standard 1-in. paper Mylar tape. The unit 
can be programmed to energize equipment under test, pro- 
vide warmup delay periods, stop when the operator is to 
perform a manual operation, and, with an accessory printer, 
provide a permanent record of tests. For each test, any two 
points on the tape are selected by a crossbar switching unit.— 
California Technical Industries, Belmont, Calif. 
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P&B PROGRESS NEW PRODUCTS 


HILH SHOCK CxuYSTAL-CASE RELAYS 


RESEARCH, TEST 
& DEVELOPMENT 


POSITION SIMULATOR 
The Micro Gee Model 11A simula- 


tion table is designed for angularly dis 
placing gyros and accelerometers, in 
pitch and roll, either statically or dy- 
namically. Especially designed pendu 
lum mechanisms provide 
smooth operation. According to its 
manufacturer, the servo-controlled 
table is used in conjunction with an 
analog computer to simulate “flight 
testing’”’ on the ground of a complete 
aircraft or missile stabilization svstem. 
Another use might be as an oscillating 


tremel 
CRYSTAL-CASE SIZE! PERMANENT MAGNET DESIGN. ee 


SHOCK: 100g. VIBRATION: 30g 55 TO 2000cps. NO CONTACT OPENINGS. 


SC NON-LATCHING TYPE-—This micro-miniature relay sets new standards 
—in design, in performance, in reliability. Yet the SC conforms to stand- 
ard dimensions and circuitry and may be used to replace ordinary crystal- 
case relays. A permanent magnet in the structure provides at least twice the 


contact pressure found in relays of comparable size. 

SL LATCHING TYPE—Unique magnetic latch assures exceptional con- 
tact pressure. A 1 watt, 3 ms. pulse to either coil transfers contacts. Trans- 
fer time is only 0.5 ms. Has the same exceptional shock and vibration 
characteristics as the SC. 


table to determine the threshold char- 
acteristics of high-performance gyros 
and accelerometers.—Micro Gee Prod- 
ucts, Inc., Culver Citv, Calif. 
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SC and SL Series 
Engineering Data 
Operate Time: 3 MS. max. with 550 ohm 
coil @ 24 V. DC. (SL: 630 ohm coil at 
24 V. DC). 
Transfer Time: 0.5 MS max. 
Terminals: (1) Plug-in for microminiature 
receptacle of printed circuit board. 
(2) Hook end solder for one #20 AWG wire. 
Enclosure: Hermetically sealed. 
ONTACTS: Arrangement: 2 Form C. 
J Material: Gold flashed palladium. 
sc | Load: 2 amps @ 28 V. DC, resistive; 1 
t-358 MAK amp @ 115.V. AC, resistive. 
Pressure: SC—13 grams min.; 
SL—16 grams min. 
COIL: Power: Approx. 1.0 watt at Nominal 
Voltage. 
Resistance: SL—40 to 1400 ohms; 
SC—35 to 1250 ohms. 
Duty: Continuous. 
MOUNTINGS: Bracket, stud and plug-in. 


Sb ee 





——_— 135 ma — 


to 


+ 


>} 104 
SL | sssuax- 


GENERAL: Insulation Resistance: 10,000 
megohms, min. 
Breakdown Voltage: 1,000 V. RMS. 
Shock: 100g. 
Vibration: 30g 55 to 2000 cps.; 0.195” 
max. excursions from 10-55 cps. 
Temperature Range: -65°C. to +125°C. 
Weight: 17.5 grams (5/8 oz.). 


INTERCHANGEABLE SCALES 


leaturing interchangeable scales and 
automatic compensation, the new 
lhermostat-I_ portable potentiometer 
measures temperatures from minus 
200 to plus 600 deg F and voltages 
from 0 to 21 mv. Copper-constantan, 
iron-constantan, or chromel-constan- 
tan thermocouples may be used with 
each of the temperature scales. A pat- 
allax corrected magnifying viewer per- 


P&B Standard Relays are available at your local electronic, electrical ond refrigeration distributors 


Potter & Brumfield, ine. 


PRINCETON, INDIANA - SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N.H. 
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A BETTER WAY 
TO CONTROL EACH, 
AUTOMATICALLY 
AND CONTINUOUSLY 














BENDIX 
ULTRA-VISCOSON* 


Provides continuous and auto- 

matic viscosity control of from 

one to six individual stations 

in a single system. Ranges: 

0-50,000 centipoises X grams 

cc. Proven uses in liquid 

blending, fuel atomization or 

refinery applications in the 

petroleum, chemical, steel, 

gravure and flexographic 

printing, resin, adhesives, 

paint finishing and various 

other fields. Ultra-Viscoson 

systems are available to fill 

most industrial and research BENDIX NUCLEAR 

requirements. DENSITY GAGE 

E Provides continuous and auto- 

matic control of fluid density 
in process pipelines. Range 
0.5 Sp. Gr. and up, with ad 
justable spans. Ideal for use 
with abrasive, corrosive, vis- 
cous and high-pressure proc 
esses; sensing element does 
not contact process material 
Applications: Density, specific 
gravity, liquid concentration 
vapor, liquid ratio, liquid level 
slurry control and interface 
detection. Range, span and 
time constant adjustments 
from front panel 


For complete information write 
Cincinnati Division, Dept. 320, 3130 Wasson Road, 
Cincinnati 8, Ohio 


. om . . 7 7 
Cincinnati Division . 
Export Sales: Bendix International Div., 205 E. 42nd St., New J, T-/ 
York 17, N. Y. Canada: Computing Devices of Canada, Ltd., 

Box 508, Ottawa 4, Ontario AVIATION CORPORATION 
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NEW PRODUCTS 


mits accurate readings of even slight 


variations. Other features include a 

o . Y mercury battery power supply, and an 
exclusive two-way scale drive with 

FIFTY-FIVE crank for rapid traverse and vernier 


knob for fine adjustments.—Technique 
Associates, Inc., Indianapolis, Ind. 


DEMONSTRATION EQUATIONS 
SOLVED BY 


‘‘THE ENGINEER'S aw 
COMPUTER” 
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HIGH OUTPUT 


Ihe new Oscar Model N-2, using 
Mylar crosslines as the X-Y reading 
references, can be used for the reduc- 
tion of both frame-by-frame film and 
multiple trace oscillograph records. 
Output range is 10,000 counts in 
both X and Y. Plugboard programmer 
makes this unit compatible with all 
existing digital computers.—Benson 
Lehner Corp., Los Angeles, Calif. 


LitTON Dicitat DIFFERENTIAL ANALYZERS are designed to solve, with a minimum 
of programming effort, those problems generally arising in the fields of engineering 
and mathematics. The remarkable insight you obtain with these accurate, versatile 
incremental computers is an experience reported to us again and again. /nsight into 
the problem stems partly from your own programming, partly from the continuous 
rapport you have with the problem as your uniquely personal mathematical tool 
solves for you. The Litton DDA plugs into any standard 110-volt outlet. You need 
only a few hours of coaching from us to grasp the programming for — 

Circle No. 9 on reply card 


Solution of linear and non-linear differential equa Jacobi Elliptic Functions, Sturm-Liouville Equa 
tions including those containing transcendenta tion, Hypergeometric Functi ind Legendre 
functions Functions 
Solution of algebraic and differential equations '9 Performance of togical switcning functions, such 
complex variables, including conformal mapping as introduction of step functions, ramp functions 
miting, and mode of operation switching 
Simulation of non-linear dynamical systems ‘ : : P . , 
Multiplication and division of variabies, etc., etc 


Generation of any standard algebraic, trigon Mi Moai tse 
metric, or inverse trigonometric function CAPACITY: Mode! 20—20 Digital Integrators 


; Mode! 40—40 Digital Integrators 
Tana enna nai aad manienete ake DATA TRANSMISSION 
CC . " tr tin 918 F aCir Ss 
matical physics which can be expressed as solu ACCURACY: Up to 1 part in 2” (t decima 


tions of differential equations These include the COST: Model 20, $12,800 — Mode! 40, $16,800 


LITTON INDUSTRIES 


ELECTRONIC EQUIPMENTS DIVISION 
336 North Foothill Road + Beverly Hills, California 


LITTON 20 & LITTON 40 DIGITAL DIFFERENTIAL ANALYZER LITTON GRAPH PLOTTER LITTON GRAPH 
PLOTTER/ FOLLOWER LITTON PAPER TAPE PUNCH/READER LITTON DIGITAL TO ANALOG CONVERTER 


ccc 


Please send me, without obligation, specifications on the Litton 
20 & 40 DDA s, plus a tabulation of 55 demonstration equations. 


SEND 


COUPON ie . FOR VISCOUS FLUIDS 


Pp 


TODAY! Street Ihe rugged, low-cost Model-P Trans- 
mitter measures pressures as high as 
250 psi or as low as 0 to 100 in. water. 
Operating on the simple force-balance 
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Educational 
Magnetic 
Amplifier 


Fundamentals of 

Magnetic Amplifier 

Application...A Solution 
aaninaae to Control Problems 


For industry and schools, for experimental work and basic instruction in the 
principles and characteristics of high-performance, self-saturating Magnetic Ampli- 
fiers in control applications. 


With automatic control playing an increasingly bigger role in our rapidly 
advancing industry, the magnetic amplifier has become a key component of 
industrial and military control systems. 


To help engineers, students, and laboratory personnel understand magnetic 
amplifier principles and performance, Vickers has designed and has available this 
unique instrument. Permits the study of all basic single-phase magnetic amplifier 
circuits employing either d-c or a-c control and output. Can be used as an experi- 
mental control circuit in actual specific applications. 


Each Vickers Educational Magnetic Amplifier includes these helpful training 
aids (left): the Vickers Magnetic Amplifier Laboratory Manual, and the Vickers 
Magnetic Amplifier Application handbook. 


PRICE: $106.15 f.o.b. St. Louis. Specify Vickers Educational Magnetic Amplifier, 
Catalog No. 36A34. (Educational Amplifier Descriptive Bulletin 2801 available 
upon request.) 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1805 LOCUST STREET + SAINT LOUIS 3, MISSOURI 
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a NEW INSTRUMENTS 
by TECHNITROL 


THE DYNAMIC DIODE TESTER 


An invaluable means for the rapid, accurate checking of semiconductor 
diodes for irregularities. The dynamic curve, more revealing than static test- 
ing, is quickly apparent on the screen, and is readily adapted to volume 
testing. And the easy portability of this 16-pound instrument makes it ideal 
for field work as well as for bench or rack installation. 

Designed for use with the Cathode Ray Indicator, this moderate-price 
instrument provides for a variety of back and forward voltages, as well as 


independently-controlled ranges for back and forward currents. 


THE CATHODE RAY INDICATOR 


Send for Bulletin 1002 


Provides a visual indicating device for the dynamic display of electrical 
signals and is intended primarily as an output indicating device for such 
instruments as the Dynamic Diode Tester and transistor curve tracers. 

Also makes an ideal display unit for analogue computer and other applica- 
tions where the repetitive cycle rate of display is consistent with screen 
persistences of available five-inch cathode ray tubes. 

High-quality components assure a stable instrument which provides a 
very sharp focused beam on the face of the tube. 

Designed for standard 19” relay rack mounting or with separate mounting 
legs at additional cost. 





DESIGNED AND 


YUM BUILT BY 
Z 


i 
Se ROr, 


Y Manufacturers of Pulse Transformers, 
Vt 1952 E. Allegheny Ave., Phila. 34, Pa 


Delay Lines and Electronic Test Equipment. 
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principle, it transmits a linear 3-15 
psi signal to a recorder, indicating 
gage, or manometer. Mounted hori- 
zontally or vertically on open or closed 
tanks, it is especially suited for applica 
tions involving viscous fluids or ma- 
terials that solidify in the static lines 
of conventional transmitters.—Conoflo 
Corp., Philadelphia, Pa. 


Circle No. 40 on reply card 


USES CARRIER PICKUP 


This new fuel-measuring system pro 
vides precise, dependable indication 
and recording of fuel flow rate and 
total fuel quantity in a compact pack- 
age designed for aircraft installation 
[he system uses a turbine-type flow 
meter with an entirely new and exclu 
sive carrier method of signal genera 
tion. The carrier pickup is immune 
to vibration and electrical noise inte1 
ference. A specific gravity adjustment 
permits direct indication in weight 
units.—Waugh Engineering Co., Van 
Nuvs, Calif. 
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NO POSITIONAL ERROR 


Shown here with its cover removed, 
this new temperature and pressure 
transmitter features a  ‘“‘balanced 
beam” design that permits mounting 
in any position without positional 
error. Units use gas-filled thermal sys- 





DATEX® DIGITAL SHAFT 
POSITION ENCODERS” 


for analog-to-digital and 
digital-to-analog conversion 


MODULAR 
DIGITAL 


system 
components 








MODEL C-100 $395 
Inertia—423 gmcm2 
Torque —0.7 oz. in 
Available in DATEX code 
Gray'!) code, special codes 





2. 


MODEL C-900 $550 











CG-200 Series 


DATEX ENCODERS are characterized by 


their large number of positions per 360 
rotation. Models having 1,000, 2,000, 2,048 
counts per revolution are illustrated. All 
models are brush type units with the brush 
continually in contact with the disc. Thus 
readout “on the fly” is possible and readout 
or sampling of the encoder can be done at 
frequencies from DC to over 100 KC. 
MODEL C-100 Series — 4” x 4°s”x 3's”. Over 
100 different calibrations available to fit 
popular models of Recorders without gear- 
ing. Non-linear calibration for temperature 
and flow. Up to 1400 positions per 360 
rotation. Low Inertia Models also available. 
Hollow shaft *s” opening facilitates mount- 
ing, and adapter kits are available to fit 
many models of strip chart Recorders. 
MODEL C-900 Series—6'2” Diameter. This 
series features up to 2,048 positions per 
360° rotation. Hollow shaft, *s” opening 
facilitates mounting. Available in other 
configurations to suit application. Inertia 
4200 gmem-?, Torque 1.5 oz. in. Available in 
Gray"), DATEX and other special codes. 


MODEL C-700 —3” nominal diameter “O” 
ring seals on shaft and case. Sealed con- 


nector. 256 counts Gray") code. 


GEARED ENCODER SYSTEM — Two types are 
available. One utilizing standard encoders 
with external gearing, and the other using 
special packaging with internal gearing. 
Models available in up to 10® count or 22° 
count combinations. Other models for read- 
out in inches and feet, seconds and hours, 
degrees, minutes and seconds are available. 
A 10 bit Sine-Cosine Gray‘! code encoder 
has been produced in the CG 200 series. In 
this unit the Sine-Cosine function of 0-90 
is produced along with two quadrant sign 
tracks. 

(1.) In order to pro de Binary inforn 


from Gray code, a higi peed continuous 


put Gray-to-Binary Tra istorized T) 
ava lable. 

(2.) Readou de vices 

encode? are available 


W rite for Bulletin 312. 





GIANNINI D AT E a 


1307 SOUTH MYRTLE AVENUE, MONROVIA, CALIFORNIA 
G. M. Giannini & Co., Inc., Pasadena, California 





K-100 Series 


CONTROL CHASSIS that utilize output 
from DATEX Encoders to operate 
recording devices are available. Some 
of the functions that can be provided 
are: 
Adding Machine Printer Control 
Extended Range (—99 to +1299) 
Multiplicat on by 2, 3, 4, 5 or 10. 
FE) ror checking 

Dual Outputs 

IBM Punch Contro 


Re 


PC-105 

PC-10S Programme s a control unit 
used to operate sé ial input devices 
such as tape punch, typewriter, com 
puter, etc. Includes a plug board that 
can be used to change format, o1 
sequence of operations. Can be used to 
introduce control codes or functions to 
fit output device. Operates in 4, 5, 6, 7 
8 bit codes. 


: 
a. 


e*e 
e*? S 


DC-100 Serie 


DCc-100 S« ‘ 
designed for « 
trial applicat 
model has out} 
include S reset 
interval select 


elapsed time, 1 


SP-101A $345 
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fast switch ON THE NUMBERS 


Taking coded information, translating it into decimal form (A) 


and displaying it on the wall (B) seems to be a matter of concern 


to a fair number of people these days. Part B —making the 


right number come up 


— offers an opportunity to demonstrate 


the virtues of a Sigma Series 72 polar relay. As explained below, 


halting of display devices can be accomplished in a variety of 


ways. But because of the 72’s combination of high speed, 


precision and sensitivity, the problem of consistently keeping 


up with a high speed number drive on very little signal power 


is solved all at once. 








The breadboard diagram to the left of 
the dashed line has been drawn by our 
artist, who feels that schematic symbols 
can never do justice to a Sigma Type 
72AOZ-1000-TS High Speed Polar Relay. 
Of course this may be an expensive way 
to run a cycledec, but if you are in a hurry 
you don’t want to have to dish up nine 
separate pulses from the info department 
(right of the dashed line). Besides, what 
if it missed counting one of them? To be 
sure, the relay could be eliminated and 
the cycledec run directly through its own 


internal switch contacts. -But then AC 


supply voltage would have to be put on all 
switch points except the designated one. 
This would make it rough for any little 
solid state peanut you tried to put in 
that box marked R¢ 10K. 

As it is, the 72 will remove the supply 
from the cycledec .0005 seconds after it 
lands on the right number, and restore the 
supply .0008 seconds after you move the 
ground to another switch point and ‘push’ 
the reset button. Incidentally, completion 
of selection puts power on the other con- 
tact of the 72, which can then run lights, 


bells or some other success signal. 


Some of the virtues of a Type 72AOZ -1000-TS TCP * SPDT polar relay are: 
Contacts rated 500,000,000 operations 60 ma. 120VDC 


Coils, two, 1000 ohms each 


Either -side stable, operate 0.56 ma. either way either coil 


*Armature tungsten, fixed contacts copper - palladium 
You can get one such 72 relay with removable dust cover for $30.00, or for less money in quantity. 
Samples are available on order, or a bulletin simply on request. 


SIGMA INSTRUMENTS, INC. 


69 Pearl Street, So. Braintree 85, Mass. 
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tems for temperature measurements 
and bellows elements for pressure. 
Operating advantages include unit 
subassembly construction and_ inter- 
changeable thermal systems ; 
sure elements. An optional deriva 
tive unit is easily: attached to th 
plate. Large pilot capacity 
operation even with long transmission 
lines.—Mason-Neilan, Norwood, Mass. 
Circle No. 42 on reply card 


nd pres- 


Dase- 


HI-TEMP SERVICE 


New high-temperature strain gages for 
measurements up to 1,100 deg F are 
now available in standard, rosette, and 
cross types. All are designed for high- 
temperature test work without any 
on-the-spot fabrication. Strain-sensi- 
tive element is Karma wire, nominal 
resistance is 120 ohms, and the gage 
factor is 2.25. Each unit is furnished 
with 6-ft-long Fiberglas-covered Ni- 
chrome V lead wires, and an adequate 
supply of AP-1] ceramic cement for in- 
stallation.—Columbia Research Labor- 
atories, Woodlyn, Pa. 


Circle No. 13 on reply card 


INFORMATION 
DISPLAY INSTRUMENTS 


PUSHBUTTON CONTROL 


The new Model 1012 Visicorder re- 
cords directly on paper that requires 
no processing of any kind, producing 
records that are immediately visible 
and usable. According to the manu- 
facturer, the new 36-channel instru- 
ment combines the best features of 
sensitive, fast-writing photographic 





TEST EQUIPMENT 
FOR 
SERVO SYSTEMS 
AND 
COMPONENTS 


INDEX STANDS 


Kearfott recognizes that test equipment 
must provide precision, convenience and 
speed in testing plus versatility and non- 
obsolescence. Accordingly the equipment 
illustrated combines these features with the 
assurance that the buyer uses the same tech- 
niques and precision in testing servo compo- 
nents and systems as the manufacturer. 


ANGLE POSITION INDICATORS 


INDEX STAND WITH PRECISE 
INTEGRAL BRIDGE RACK PANEL UNIT 


Accuracy of stand within Provides a counter pres- 


24 seconds of arc. Tests 
performed at 5 degree 
intervals. Positional accu- 
racy of bridge, 10 sec- 
onds of arc. Electrical 
accuracy .002%. Higher 
occuracies on request. 


entation of an unknown 
angular position of a 
synchro to be measured. 
The compact unit shown 
is for both laboratory 
and production use. May 
be supplied in carrying 
case for field tests. Accu- 
racy 6 minutes of arc in 
standard unit, higher ac- 


“JAN” UNIT 


Packed to meet the de- 
sign requirements of Mil- 
D-8512. May be installed 
in aircraft control panel 
or in portable carrying 
case. Accuracy 6 minutes 
standard, higher oaccu- 





curacies available. racy con be provided. 


OTHER KEARFOTT TEST EQUIPMENT COMPONENTS: 


Scorsby and tilt tables, ratiometers, PSVM and VTVM, 
automatic ohmmeters, synchro and resolver bridges, 
power supplies and other related equipment. 


MODULAR FUNCTIONAL TEST CONSOLES 
Kearfott provides functional test equipment for gyros, 
servo systems and other comp ts, or complete sys- 
tems in modular form permitting universal use of the 
component pieces regardless of the component or 
system. 

Exemplifying Kearfott's ability to provide com- 
plete weapon system ground support test equipment 
are automatic analog and digital systems now being 
produced for this purpose. 





earjott 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, Ill. 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


| 
A SUBSIDIARY OF | 
GENERAL PRECISION EQUIPMENT CORPORATION 
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all the EXTRAS are standard 


with 


al 


CYLINDERS 


Member of 
the National 
Fluid Power 
Association 


<= 


You save 40% space when you 
switch from outmoded tie rod 
cylinders to the T-] Spacemaker! 
It’s stronger, too! Fits right into 
automation programs in countiess 
plants. Delivers top performance 


@NEW exclusive ingenious cushion designs . 
Super Cushion Flexible Seals for Air . . 
New Self-Aligning Master Cushion for Oil. 


@STRONGER than outmoded tie rod design, 
proven through actual tests. No tie rods to 
stretch. 


@SOLID STEEL HEADS throughout the full line. 


@ COMPACT DESIGN eliminates tie rods, in- 
creasing the strength and reducing mount- 
ing space required, providing extra room 
for adjacent equipment. 


@ HARD CHROME PLATED body bores and piston 
rods ... assure you of long trouble-free 
service. (Standard at no extra cost.) 

@ METALLIC ROD SCRAPER, nor just a wiper, 
actually removes foreign matter from the 
rod, 

@PILOTED PACKING GLAND with extra long 
bearing. Additional strength and support 
to the piston rod. 


@OIL pressure to 750 p.s.i. AIR to 200 p.s.i. 


DELIVERY 
OFF THE SHELF! 





=’) 
with TH / 
RODS / 
/ ‘40% 


SPACE 
SAVED 


SQUARE HEADS 


(ts ars) 





oy) 7 SPACEMARER 
edyecen! cauipme 











and dependability with a big plus 
in advanced features. Wide range 
of styles, capacities . . . reduces 
man-hours and costs in all kinds 
of push-pull-lift jobs. Off-shelf 
delivery in 64,000 combinations! 


NEW LITERATURE—Send today for new Catalog SM56 
with complete engineering details on Spacemaker line. 
cme | Write The Tomkins-Johnson Co., Jackson, Mich. 


G2) TOMKINS-JOHNSON 


RIVITORS AIR AND HYDRAULIC CYLINDERS 
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CUTTERS CLINCHORS 


NEW PRODUCTS 


types, and direct writers, without the 
disadvantages of either. Grid 
may be recorded simultaneously 

time lines and galvanometer 
Speeds are changed by pushbutton 
control. The instrument features five 
speeds in sul of three ranges, from 
0.1 to 160 in. per sec. All controls 
are located on the face of the instru- 
ment. Writing speeds range up to 
20,000 in. per sec using 12-in. paper. 
Heiland Div., Minneapolis-Honey 

well Regulator Co., Denver, Colo. 
Circle No. 44 on reply card 


lines 
with 
traces 


C-R RECORDER 


Pictured is the first production model 
of the new 204-Al2 Dynamic Tem- 
perature and Strain Recorder. The 
new svstem features 12 simultaneous 
recording channels plus a calibrated 
linear time base and zero time, on a 
10-in. by 314-in. record. Designed 
especially for high-speed recording of 
short-term dynamic phenomena such 
as are encountered in ballistic and re- 
lated investigations, the recorder in- 
cludes amplifiers, timing circuits, auto 
matic sequencing and control circuits, 
and a drum camera with driving 
mechanism for 3,600-rpm operation.— 
Allegany Instrument Co., Inc., Cum- 
berland, Maryland. 


Circle No. 45 on reply card 


PRINTS 16 RECORDS 


A new multiple-printing | strip-chart 
telemeter receiver will print out up to 
16 separate records from as many tele- 
metering transmission centers. Using 
a multiple-switching arrangement, the 
new receiver can monitor successfully 





FREQUENCY STANDARDS 


PRECISION FORK UNIT FREQUENCY STANDARD 
TYPE 50 TYPE 50L 
Size 1” dia. x 3%" H.* Wght., 4 oz. Size 3%” 2 4%” x 514” High 
Frequencies: 240 to 1000 cycles Weight, 2 lbs. 
Accuracies:— Frequencies: 50, 60, 75 or 100 cycles 
Type 50 (+.02% at —65° to 85°C) Accuracies:— 
Type R50 (+.002% at 15° to 35°C) Type 50L (+.02% at —65° to 85°C) 
Double triode and 5 pigtail parts required Type R50L (+.002% at 15° to 35°C) 
*31%4” high Input, Tube heater voltage and B voltage Output, 3V into 200,000 ohms 
400 - 1000 cy. Output, approx. 5V into 200,000 ohms Input, 150 to 300V, B (6V at .6 amps.) 











PRECISION FORK UNIT FREQUENCY STANDARD 
TYPE 2003 TYPE 2005 
Size 1%” dia. x 4%” H.* Woght. 8 oz. Size, 8” x 8” x 74%" High 
Frequencies: 200 to 4000 cycles Weight, 14 lbs. 
Accuracies:— ee weer ai 
Type 2003 (+.02% at —65° to 85°C) | | Frequencies: 50 ‘aca 
, Type R2003 (+.002% at 15° to 35°C) : : vere 
*316” high Type W2003 (+.005% at —65° to 85°C) Accuracy: +.001% from 20° to 30°C 
400 to 500 cy. Double triode and 5 pigtail parts required Output, 10 Watts at 115 Volts 
optional Input and output same as Type 50, above Input, 115V. (50 to 400 cycles) 








FREQUENCY STANDARD FREQUENCY 


TYPE 2007T STANDARD 
TRANSISTORIZED TYPE 2121A 
Size 14%” dia. x 442” H.* Wght. 7 ozs. Size 


34 Qo” ° 
Frequencies: 240 to 1000 cycles we Ne git ey 
Accuracies:—Same as 2003, above Output: 115V 
Type 2007S—Silicon type 60 cycles, 10 Watt 
Input, 28V. Accuracy: 
Output, Multitap, 75 to 100,000 ohms +.001% from 20° to 30°C 
*314” in 2007S, 400 to 800 cycles. Input, 115V (50 to 400 cycles) 








FREQUENCY STANDARD FREQUENCY 
TYPE: 2001-2 STANDARD 


TYPE 2131C 
Size 3%" x 44%" x 6” H., Wght. 26 oz. Size, with cover 
Frequencies: 200 to 3000 cycles 10” 2 17” x 9” H. 
: Panel model 
Accuracy: +.001% at 20° to 30°C 10” x 19” « 8%" H. 
Output: 5V. at 250,000 ohms Weight, 25 lbs. 


Input: Heater voltage, 6.3 - 12 - 28 Frequencies: 50 to 1000 cycles 
tee “ vy. . 1 Accuracy: (+.002% at 15° to 35°C) 
B voltage, 100 to 300 V., at 5 to 10 ma. | | Output: 115V, 75W. Input: 115V, 50 to 75 cycles. 








ACCESSORY UNITS 
for TYPE 2001-2 


L—For low frequencies 
multi-vibrator type, 40-200 cy. 


This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern- 
D—For low frequencies ment departments, armed forces—where maxi- 

counter type, 40-200 cy. mum accuracy and durability are required. 


H—For high freqs, up to 20 KC. 
WHEN REQUESTING INFORMATION 


M—Power Amplifier, 2W output. 
P —Power supply. PLEASE SPECIFY TYPE NUMBER 

















American Time Products, Ine. 


580 FIFTH AVENUE, NEW YORK 36, N.Y. 
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POTENTIOMETER 


DATA SHEET _. 


Unlimited Phasing 
with Extreme 
Compactness 


\ 


Phasing clamps available on three sizes of Gamewell 
RL-270A Blue Line Precision Potentiometers 


“4 062 ~p- 

ee This special Gamewell Phasing Clamp design 
has two important extras: Extreme compactness 
and High Temperature compatability. Check 
these features... 


» Only %” depth per section + Continuous serv- 
ice up to 150C available « Stainless steel clamps 
give unlimited phasing « Large number of taps, 
limited only by physical spacing + Exclusive 
Gamewell high unit pressure contacts give per- 
manent, low resistance tap connection, no 
linearity distortion + Will withstand High ‘‘G”’ 
and operation under severe vibration + Three 
styles of mounting: Servo, Bushing and 3-hole 
bushing « Available in ball or sleeve bearings, 
shafts as specified » Comes in RL-270A-1%; 
RL-270A-2 and RL-270A-3. 

Additional information, prices and delivery 
available from Gamewell representatives or 
write: 








THE GAMEWELL COMPANY 


NEWTON UPPER FALLS 64, MASS. 


ie 
BAMESSIweL].° 
“m2 | on) aa) 
“w2ma2 | 2 | 105 | 
"mam . PRECISION POTENTIOMETERS 
SPECIAL! Send for New Gamewell 
Catalog on complete line. 
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a large number of values from any dis- 
tance necessary. Variables recorded 
can be a combination of pressures, 
flows, temperatures, liquid levels, etc. 
The instrument prints on a 12}-in. 
strip chart, and is available with either 
a 5-sec or 15-sec time-impulse_tele- 
metering system.—The Bristol Co., 
Waterbury, Conn. 


Circle No. 16 on reply card 


CONTROL DEVICES 


CHECK 40 POINTS 


Shown is a new temperature monitor 
for use in marine and land-based power 
plants, textile mills, chemical process- 
ing plants, oil refineries, etc. The 
scanning and indicating device auto- 
matically checks the temperatures of 
up to 40 thermocouples in the range 
of 100 to 400 deg F every 10 sec. The 
scanning circuit scans the tempera- 
tures and triggers an alarm system that 
indicates the location of a thermo- 
couple with a temperature in excess of 
some preset value. At any time the 
temperature of any thermocouple can 
be read from the meter located on the 
front panel.—Pickard & Burns, Inc., 
Needham Heights, Mass. 


Circle No. 17 on reply card 


TAKES LINE VOLTAGE 


A new wall-mounted control cabinet 
has been designed for standard in- 
ductor-type alternators ranging from 7 
to 30 kva three-phase, and from 4 
to 15 kva single-phase. An input trans- 
former permits regulator operations 
from line voltage. Automatic voltage 





CLOSING THE 
CONTROL LOOP 
AUTOMATICALLY 


.. with an RW-300 DIGITAL CONTROL COMPUTER 





INCREASED PROFITS 
FROM EXISTING PLANTS 


For the first time, a digital computer is available to close 
the control loop automatically —to provide greater profits 
by increasing plant throughput, improving product qual- 
ity, and decreasing operating costs. The new RW-300 
Digital Control Computer is engineered specifically to 
solve the difficult control problems of chemical plants, oil 
refineries, and other process industries. 


The desk-size RW-300, with built-in input and output 
equipment, is designed to be connected directly to process 
instruments and controllers. It continuously monitors the 
instruments, makes the required computations and deci- 
sions, and adjusts the set-points of the process controllers. 
In addition, it prints records of operating data. RW-300 
computer control is fast, accurate, and dependable. 


The computer’s program of instructions, stored in a 
magnetic drum memory, can easily be completely revised 
without modifying the equipment. As a result, the RW-300 
can also readily handle changing control problems such 
as those encountered in pilot plants and research centers. 
The RW-300 can in addition serve as a versatile comput- 
ing data logger and as a general-purpose computer. 

Ramo-Wooldridge has a staff of experienced systems 
engineers to handle applications of the RW-300. If your 
company has a problem in process control, pilot plant 
operation, or advanced data logging, write to: Director 
of Marketing, Dept. CE-712, The Ramo-Wooldridge 
Corporation, 5730 Arbor Vitae Street, Los Angeles 45, 
California. 


++ The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET « LOS ANGELES 45, CALIFORNIA 
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control and an over-voltage relay in 
BEFORE USING! the output circuit protects the load. 
Motor start-up pushbutton | stations 
with an indicator lamp are wired to 
the control transformer. ‘This removes 
power from the regulator when the 
machine is not in use, thus lowering 
the possibility of regulator burnouts 
American Electronics, In Los An 
geles, Calif 
Circle No. 18 on reply card 


Vibration. ve with frequencies up to 500 cycles per second LOW-COST THERMOSTA 
and up to 15 G’s...might prove to be a shattering experi- 


< a ‘ This rugged immersion-tvpe thermo 
ence for some servo motors. But not for a G-M Servo! a 


stat is highly sensitive to temperature 
changes up to 300 deg F. Difterential 
eo ecw seo ae This vibration test at G-M is only expansion of two metallic members 
1 
GOOD REASONS WHY | 
G-M SERVO MOTORS 
SERVE YOU BEST! 


one of a series of environmental tests operates a snap-acting switch.—Allovy 
all G-M servo motors must success- eneaitie me, poenenenm, <2 
fully pass—before they can be inte- Circle No. 29 on reply card 
grated into your control system. 


G-M servo motors ore avall- G-M precision-built servo motors 
able in standard sizes. 


conform to all military environmental 
G-M servo motors can be - 


modified to meet specific cir- 
cuit requirements. 


specifications when so specified. They 
are designed to perform under the 


Creative engineering in de- 
signing special servo motors 
with special characteristics. 


toughest humidity, salt spray, temper- 
ature, altitude and vibration conditions 


Fast production—better os and they come back for more! 
service, "aans somes 


sasenme syne 
versiyat tse 
a 


HAS STABLE NULL 


= 
{ | ; Ihe Equibar, a unique gas pressure 
h ¢ ra transducer capable of high speed mea 

} - \ N surement of pressures of from 10° to 
. 2 | 15 psi, has an input dynamic range of 

over a million. It also has an extremely 


for information, or send G-M LABORATORIES INC. deep and stable null that does not 
for complete G-M 


i go ge Fre Co 
dam ead Sadiew 4340 N. Knox Avenue # Chicago 41 change with voltage, frequency, aging, 
tions. No obligation, Or environmental conditions. Zero 
of course. shift is so low that the plus or minus 
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manufactured by the Components Division of 





DELCO’S FAMILY OF HIGH POWER 
TRANSISTORS 


Typical Characteristics at 25°C 


So &3 eooea 
5°63" 63 ae 


INITAA 2N174 


Maximum Collector Current 





Maximum Collector Voltage (Emitter Open) 





Saturation Voltage (13 amp.) 





Max. Square Wave Power Output at 400 ~ P-P* 





Max. Sine Wave Power Output at 400 ~ P-P* 





Power Dissipation (Stud Temperature 25°C) 





Thermal Gradient from Junction to Mounting Base 





Nominal Base Current 
1s (Vec= —2 volts, Ic =—1.2 amp.) 


























*Adequate Heat Sink 


These nine Delco Radio alloy junction germanium PNP 


Offer a wide range of power transistors are now in volume production. They 


are characterized by high output power, high gain, and 


. ott low distortion. And all are normalized to retain superior 

perfor mance character istics performance characteristics regardless of age. 
to meet your switching, Check the data chart above—see how they fit your 
; particular requirements in current switching, regulation 
regulation or poWwer or power supply. Write for detailed information and 
engineering data. Delco Radio maintains offices in Newark, 


supply requirements N. J. and Santa Monica, Calif. for your convenience. 


DELCO RADIO 


Division of General Motors 
Kokomo, Indiana 
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save valuable 
C=Taloiial-\-)alale milaal— 
HEATH Electronic Analog Computer Kit 


clagsroom, or “on 

the Heathkit 

orisolves physical 
blems by 


r-Tonigelallome-tissltil-ilele 


ditions. Full kit $945°° 


This advanced “‘slide-rule”’ 
permits engineering or researcn 


yhysical problems electronically, 


tdeal for industry, research, 
Incorporates such features as 


¢ 30 coefficient potentiometers, each capable of being set with extreme accuracy. 


e 15 amplifiers using etched-metal circuit boards for quick assembly and stable 
operation. 


e A nulling meter for accurate setting of computer voltages. 


e A unique patch-board panel which enables the operator to “see’' his computer 
block layout. 


Because it is a kit, and you, yourself 


supply the labor, you 
! 


afford this instrument, which ordinar 


mM ght he ort “Ft roach 
a y Lt DE 


nomically. Write for full details today! 


save money with HEATHKITS 


Now for the first time, the cost of this highly acc 


Y aCCU 
work-saving computer need not rule out its use—You 


U JUL J 


yourself and save hundreds of dollars. 


FREE CATALOG also available 
ing test equipment, ham g 


A 


equipment in kit form. Write for your FREE 
copy today! 
oo) Mo) 4. | 





HEATH COMPANY me 
A Subsidiary of Daystrom In 
BENTON HARBOR 36, MICH. 


story from this four-page 
folder, available free! 





CONTROL ENGINEERING 


Get the complete computer 


NEW PRODUCTS 


2 percent can be expressed as a per- 
centage of the pressure reading rather 
than of full scale. The unit consists 
of a pressure-sensing device, a bridge 
circuit with null adjustments, and a 
cathode-follower output circuit, all 
mounted and shielded in a compact 
case.—Trans-Sonics, Inc., Burlington, 
Mass. 

Circle No. 20 on reply card 


FINAL CONTROL 
ELEMENTS 


RUGGED ACTUATOR 


Pictured is a new and powerful elec- 
tric motor designed to operate valves, 
dampers, and other final control ele- 
ments in accordance with electric in- 
put signals. Two models, each having 
two-position, floating, or proportional 
control actions, are available in various 
speeds and torques. Series §31E2 has 
a rated output torque ranging from 
1.5 to 31.2 lb-ft. Series 831E1 torque 
rating ranges from 3.1 to 62.5 lb-ft 
Stall torques for both series are a 
minimum of twice the rated torques. 
[he two-position and floating control 
models can be adjusted for 35- to 
35-deg rotation, and the proportional 
model for 35 to 100 deg, without loss 
of reversing rotation. An external re- 
lay permits arrangement for more than 
one revolution of the output shaft. A 
die-cast aluminum housing has a re- 
movable cover for access to terminal 
block, limit switches, sidewires, etc. 
-Minneapolis-Honeywell Regulator 
Co., Philadelphia, Pa. 

Circle No. 29, on reply card 
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COMPACT, CONVENIENT three-high stacking of the new adjustable 
Sola Constant Voltage DC Power Supply is shown in the typical 
laboratory bench setup above. Below, engineer “dials” specific 
test voltage desired from each of the three standard models of 
“DC Solavolts” shown. 


A versatile DC supply 
for men who design 
or test electrical and 
electronic equipment 
prototypes 


Do you design or test “prototypes?” If so, and you’re 
seeking a laboratory source of high-current DC voltage, 
it will pay you to use the “DC Solavolt.” It’s a moder- 
ately-priced, adjustable, regulated dc power supply that 
provides unusual stability with intermittent, variable, 
or pulse loads. Output voltage is regulated to within 
+1% though supply voltage may vary as much as 
+10%. Ripple is held to 0.1% or less. 


Electrical specifications of the six stock ““DC Sola- 
volts” available appear in the table below: 


All Inputs 100-130 volts, 60 cps 


Rated Loadings 
in Amperes 


ouiee Regulated 

Number Adjustable 
of Output At max. At min. % of 
Stock Voltage Voltage Voltage Total 

Units Range Setting Setting Output 
28510 5-35 7.0 7.0 0.10 
28520 25-60 4.0 6.0 0.05 
28530 30-90 2.8 4.0 0.04 
28540 60-180 1.4 2.0 0.03 
28550 150-250 1.0 1.5 0.02 
28560 250-400 0.6 0.75 0.02 


Ripple* 
Voltage— 





*Figures in this column cover ripple voltages measured at full rated load 
and input of 115 volts. 


Along with these laboratory standards of perform- 
ance, the DC Solavolt offers compactness, low weight, 
high efficiency, and high short-time overload capacity. 
All stock models occupy only 7” of height and 1214,” of 
depth on a standard 19” relay rack frame. There are 
no tubes to replace, no compensating adjustments are 
needed, and no maintenance is required. Carrying han- 
dles, available as accessory equipment, provide “one- 
man”’ portability and self-stacking. Your local electronic 
distributor, who stocks the DC Solavolt, will be happy 
to give you further information. 


Write for Bulletin 26A-DC-245 
SOLA ELECTRIC CO. 
4633 W. 16th Street, Chicago 50 


SOLA .. Ser en 





a ELECTRIC CO., 4633 West 16th Street, Chicago 50, Iinoi 
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CONSTANT VOLTAGE TRANSFORMERS @ a A renee. a ° CONSTANT VOLTAGE DC POWER SUPPLIES 

Bishop 2-1414 © BRANCH OFFICES: Bos 

; Los Angeles, Calif.; New York, N. Y.; Philadelphia, Pa.; Sen Francisco, Calif.; bere pes Conn, © Represén 
Sola Electric (Canada) itd., Toronto 17, Ontario: “102 


ton, Mass.; Clevelond, Ohio; Kansas City, 
totives in Other Principal Cities 
ird Drive, Mayfair 4554 
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| NEW PRODUCTS 


A 20” 
. 7v 
hee UNDER cO™ 


with GUARDIAN 


PRESSURE-COMPENSATED 


This new pressure-compensated flow 
control valve now also features tem- 
perature Compensation. Average flow 
variations due to temperature changes 
have been reduced to approximately 4 

the variation found in current models. 

A single adjustable throttle serves all 
PROGRAMMER flow rates from 5 to 100 cu in. per 

min, and permits a finer adjustment. 
e reliable e rugged € long-life An integral check valve permits reverse 


free flow (maximum reverse flow is 
@ Guardian offers this new, compact, rugged, long-life, rated at 1,400 cu in. per min). Design 


highly reliable Programming Stepper which meets and ex- configuration eliminates the need for 
ceeds MIL-S 25259 (Proposed). Approved and used for con- an external drain.—Vickers. Inc.. De- 
trol . guided cages and in-flight equipment, it is available troit. Mich. 

now for a wide variety of control engineering projects in- , 

cluding automated production systems, machine tools and a 
industrial products. Use it singly, or in combination with 
Guardian relay matrixes, control banks and in complete 
control assemblies as the “heart’’ of your unit. Open or 
sealed, it operates under extreme temperatures, high alti- 
tude and severe vibration or shock. Carries 8-12-18 or 24 
points sealed or unsealed; up to 16 wafers and unlimited 
switching arrangements. 


MORE POWER is efficiently distributed by the unique de- 


sign of the ratchet mechanism. 


LESS SPACE required to make your product more compact, 
more efficient, more saleable. 


Thousands of Variations 
in Guardian’s Complete Stepper Line 


ELECTRICAL RESET ELECTRICAL RESET CONTINUOUS ROTATION CYCLING RATCHET ADD AND SUBTRACT ; 
STEPPER MIDGET STEPPER STEPPER MIDGET STEPPER STEPPER FOR 35-45-PSI AIR 


Whritetor details on Guardian's Programmer and for Stepper Bulletin P-84 Shown is one of a new line of 6,000- 


Ib, 2- and 3-way control valves for fast 


G UARDIAN 1G] ELECTRI te response, leak-free, and smooth op- 


eration. Bodies are machined from 
MANUFACTURING COMPANY aluminum-bronze. A replaceable hard- 


1623-A W. WALNUT STREET, CHICAGO 12, ILLINOIS ened stainless-steel insert assures per- 
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Ros Gilbert discusses RELIABILITY 


Reliability deliberately incorporated into design, whether 
the design be for a complete system or for a single com- 
ponent, is the premium in the product that establishes 
the reputation of the designer and his creation. The cus- 
tomer usually assumes—and does rightfully expect — that 
the ultimate in presently available reliability is incorpo- 
rated into any product he acquires. Indeed, this expect- 
ancy is so taken for granted that—as the indispensable 
base note in an orchestral reproduction—it is noticed 
only if missing. 

The successful acceleration of electronics into new 
areas of application will depend upon our ability to pro- 
duce reliable equipment. An acute awareness of reliabil- 
itv is therefore more significant than ever in electronic 
design. An Air Force Colonel recently remarked to the 
effect that: Present (postwar) electronics is five times as 
reliable as prewar electronics. But with twenty-five times 
as much of it, the end result is one-fifth the reliability! 

Visions of a bright future in electronics reveal com- 
plexities transcending our wildest nightmares. To the 
imaginatively fertile mind the practicalitv of mass pro- 
duction of computer elements suggests unprecedented 
applications already within economic range. Prospects for 
a successful achievement are literally nonexistent, how- 
ever, unless the reliability of individual components can 
be made to vield composite reliabilitv in the great com- 
plexity of the ultimate solution. Consider our electronic 
monsters governing costly processes and the well-being 
of all the people! Sloppy concessions to reliability would 
be disastrous. Conversely, absolute reliability would war- 
rant complexity without limit—a most appealing pros- 
pect for most of us. 

Fate is frequently kind to the venturesome. And she 
has been particularly kind to those who experimented 
with, and perfected, transistors and magnetic devices to 
replace hot electronics components. In the present state 
of the art the solid state devices can be said to possess 
“intrinsic” reliability in that they do not suffer from 
scheduled deterioration as does a thermionic cathode 
or ionic device. This is indeed encouraging and would 
appear to spurapplication into hitherto neglected spheres 
where the inevitable decay of a tube’s cathode formerly 
limited usefulness. Let not this use be indiscriminate, 
however, because secondary defects in solid state devices 
pose other problems which frequently limit the ulti- 
mate reliability to an unfavorable degree relative to hot 
electronics. 

One such important defect has been established —the 
failure of solid state devices is related to intrinsic defects 
in material rather than to variable life time constants. 
This seemingly simple yet critical difference fosters the 
provocative notion of weeding out the culprits through 
extensive and exhaustive pretesting of components, of 
sub-systems or whole assemblies and, finally, during 
check-out in actual operation. Thus, it would seem as if 
a large, complex system using solid state devices—by the 


Roswell W. Gilbert, Director of Research and Development, 
Daystrom, Inc., discusses the discipline of reliabilits 


very nature of the beasts—could be made to become 
increasingly reliable with use almost without limit. An 
equivalent system composed of elements naturally deteri 
orating with time will, on the other hand as heretofore, 
always rapidly approach the critical operating reliability 
threshold. 

This notion of perfection in components replacing hot 
electronics could well be used as the basis for a design 
discipline applving to solid state systems 

Our discipline would also dictate the use of, for 
instance, a plug connector, for easy replacement of a 
component, that is at least as reliable as the component 
to be used for the ultimate replacement 

Consistently defective materials will be improved by 
invoking the disciplines of chemistry and metallurgy to 
produce practically perfectly reliable elements. This proc 
ess is in fact in high gear today. 

Our goal, assuming diligent application of a rigorous 
discipline in design reliability, is to produce “twenty-five 
times as much electronics as today, and to make it 
twenty-five times as reliable.” 


By applying the latest proven techniques, our well-qualified staff 
at Daystrom Systems is prepared to take single responsibility of 
assembling and installing a system to meet your needs. We are cur 
rently compiling a file of new applications and papers on variou 
parts of systems, both industrial and military. lf you are interested 
in receiving the file and periodic additions, please write u 


? 
1 oP srnom SYSTEMS 


Division of Daystrom, inc., 5640 La Jolla Boulevard 
La Jolla, California Telephone GLencourt 4-0421 
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POSITION 


enclosed 
Switch 


ESCO rotary multipole SWITCH 


@ 16 contact positions per pole. 
@ up fo six poles, or sections. 
@ pane! mounting. 


@ electrical rating—5 amperes 
125 volts a-c interrupting. 


@ 22-1,° positive detent action. 


@ contact resistance 0.001 to 
0.005 ohms (all-silver con- 
tacts). 





The ESCO Type HT 
rotary multipole switch 
provides greater versatil- 
ity in an enclosed-type 
switch. The switching ac- 
tion is fully enclosed in 
the molded phenolic 
structure of each section. 
A single knob controls 
the entire assembly per- 
mitting centralized con- 
trol of complex circuits. 
Write today for Bulletin 6. 


NEW PRODUCTS 


fect alignment of stem and _ seats. 
Seats are Stellite-faced. Available in 
NPT sizes of 4 to 2 in. for normally- 
open or normally-closed operation, 
they require 35-to-45-psi air pressure 
to actuate the diaphragm.—Sinclair- 
Collins Valve Co., Akron, O. 


Circle No. 23 on reply card 


LOW PRESSURE DROP 


[his new solenoid-operated fuel shut- 
off and drain valve features straight- 
through construction with low pressure 
drop. Weighing only 1 Ib, it has 
passed all the requirements of MIL- 
V-8610 Amendment 3 except vibra- 
tion testing above 5/g acceleration, 
which has not been completed. In 
continuous duty, the new valve draws 
only 0.65 amp at 30 volts and 68 
deg F.—Eastern Aircraft Products 
Corp., Orange, N. J. 


Circle No. 24 on reply card 
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Longer Thermocouple Life 
In Atomic Reactors 


With T-E Coname” Wire Thermocouples 
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Designed for use under extremely severe conditions, enclosed hot-junction 
“Ceramo” thermocouples—with ceramic insulated, metal sheathed wire—will 
outlast comparable standard types many times. And response time is just as 
fast. Furthermore, both sheathing and insulation can be specially selected for 
resistance to atomic radiation. Conductors in all standard calibrations and 
various sheath materials are available for temperatures up to 3000° F. If 
desired, “Ceramo” thermocouples can be completely pre-tested. Conductors— 
36 to 12 gage. Overall diameters—1/25"' to 7/16". 


Write for Bulletin 305-8, 


Thermo Electric @.ic 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ont. 


SUPERVISORY CONTROL 


This new industrial telemetering and 
supervisory control system uses the 
same pair of wires for both incoming 
data signals and outgoing supervisory 
commands. Particularly suited for con- 
tinuous process operations, the system 
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RECTILINEAR GALVANOMETRIC RECORDERS 


Old-fashioned curvilinear recordings are difficult to interpret—are highly 
subject to reading errors. The modern “recti/riters,” both SINGLE and 
DUAL, are read at a glance with a simple ruler. 
Furthermore, only the “recti/riter” systems provide these wide ranges for 
recording electrical parameters: 
10 millivolts to 1000 volts 
500 microamperes to 1000 amperes 


Monitor standard frequencies — 50, 60, 400 cps 


You will also like the fast rise time, full scale accuracy, and high sensitivity 


inhewgat in this galvanometric system . . . the easy frontal access for all 


controls and routine operations . . . the fingertip control of 10 chart speeds 

. dependable closed inking system . . . AC, DC, spring, or external drives. 
TI's efficient “recti/riters” are being used extensively in government proj- 
ects, production control, medical instrumentation, weather studies, and 
numerous other applications. Very likely, you can greatly facilitate your 


specific project with a versatile “recti/riter.” 


Write for complete detailed information 


or a visit from the Tl representative. 


TEXAS INSTRUMENTS 


INCORPORATED 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY * HOUSTON, TEXAS + CABLE: HOULAB 


DUAL 
‘recti/riter’ 


JANUARY 


SINGLE 


‘recti/riter’ 


1958 











LIQUID 
LEVEL 


cand INDUSTRIAL CONTROLS 


@ Write for latest catalog covering the complete line of B/W 
Induction Relays, Relay Enclosures, Contactors and Starters, 
Multiple Pump Controls, Electrode Holders, Starter and Relay 
Combinations, Special Controls and Panels. 

Controls will never trouble you, when you buy B/W 


B/W CONTROLLER CORPORATION 


2212 East Maple Road, Birmingham, Michigan 








CHANGES 
DRIVE MOTOR 
SPEEDS 


Available from * hp. to 4 hp., the Reliance V*S 
Jr. operates from single phase a-c. power. Any 
motor speed from 290 rpm. to 2300 rpm. may 
be accurately selected by turning a dial. 


Operator’s control station, located for conven- 
ience and efficiency, has start, stop, run, jog 
buttons and speed selector. 


Also available — dynamic braking, reversing 
D 


1674 


$ 00 list price—% hp. model, 220 or 440 v 
76290 a-c. Includes control unit, operator's 
station and drive motor. 


RELIANCE -ncivtaine ce: 


DEPT. 521A, CLEVELAND 17, OHIO 
Sales Offices and Distributors in principal cities 
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NEW PRODUCTS 


can handle up to 165 on-off type con- 
trols or 17 telemetered analog signals, 
or combinations of both. Synchronous 
time-division multiplexers are respon- 
sible for this high-capacity use of the 
wires. In a basic system, one multi- 
plexer samples measurements and 
conditions at a remote station, and, 
on direction from the master station, 
assigns supervisory commands to the 
proper control devices; and others, 
located in the master station, assign 
incoming signals to the proper indica- 
tors, recorders, or alarms, and dis- 
tribute command signals to the remote 
stations. System is compatible with 
commercially available dc transducers 
at input, and with all types of dec 
meters and recorders at output.—Ap 
plied Science Corp. of Princeton, 
Princeton, N. J. 

Circle No. 25 on reply card 


SERVO-MOUNTED BRAKE 


When energized, these new electro- 
magnetic brakes permit the shaft of a 
servo to rotate freely. ‘They act as 
brakes when not energized, thus allow- 
ing braking with power on, for im- 
mediate response. (Minimum brake 
torques range from 2 to 30 oz.-in.) 
Units may also be used to lock one of 
the output shafts of a differential gear 
while the other output is transmitting 
a controlled motion. High perform- 
ance, light weight, and small size suit 
them for airborne applications.—Auto- 
tronics, Inc., Florissant, Mo. 


Circle No. 26 on reply card 


VERSATILE COMPONENT 


A new low-priced tubeless regulator, 
called the Satformer, is essentially a 
variable autotransformer, the output 
voltage of which is controlled on the 
magnetic amplifier principle. Designed 
for a regulated rectifier or ac line volt- 


age regulator, the unit will keep output 


voltage constant over a wide range of 
input voltage, frequency, and load, 
with but a few watts of power. A 1-kva 





How to get maximum combustion 
efficiency... measure both 
combustibles and oxygen 











Simultaneous measurement of both oxygen 
and combustibles is needed to obtain optimum 
combustion. No instrument that measures only 
one of these two interdependable factors can 


give you the full information necessary. 
Now, Bailey offers two units, each giving a con- 
tinuous and simultaneous double check on 


combustion efficiency: a permanent analyzer- 


PER CENT 


recorder which records both factors on a single 


chart; and a new light weight, portable unit 


ZONE OF MAXIMUM 
COMBUSTION EFFICIENCY 


which indicates both factors. 


EXCESS AIR LOSS 


HEAT LOST IN FLUE GASES 


Both instruments measure: (1) excess air—re- 
gardless of the fuel or combinations of fuel 


Al 


being burned, (2) mixing efficiency of your fuel 
burning equipment by showing per cent com- TOTAL AIR - PER CENT 

bustibles in the flue gas. ', 4 
Maximum Combustion Efficiency is secured by keeping the sum of Excess Air 


Loss and Unburned Gas Loss to a minimum. To do so by the direct method sim- 
in the furnace operations of the steel industry, ply measure both oxygen and combustibles in flue gas. 














Both units are designed to increase efficiency 


on glass tanks, cement and lime kilns, ceramic 
and refractory kilns, steam boilers and also on direct and into these two efficiency provers. A Bailey engineer 
indirect-fired furnaces in the metal processing industries. will be glad to give you details or write us for product 


To prevent your money from becoming waste gas. look specifications. 


For portabie use— For permanent installation 
HEAT PROVER Analyzer Oxygen-Combustibles Recorder 


The famous Cities Service 
HEAT PROVER analyzer , Phe Bailey Oxygen-Combus- 
is now Bailey built and tibles Analyzer -Recorder 
sold. Weighing only 25 coordinates both records on 
pounds, it is a self-con- one chart. These records 
tained automatic analyzer th A enable the operator to keep 
including a sampling tip Th fuel burning equipment per- 
and hose plus a thermo- § forming continuously in the 
couple for temperature || zone of maximum combus- 
measurement. “4 2 oa tion efficiency. Excess air 
° may be reduced to the point 
Instrument dials are dual 
f where combustibles begin 
range or greater accuracy ls eee 
and sensitivity. 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD © CLEVELAND 10, OHIO 


In Canada—Bailey Meter Company Limited, Montreal 
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careers in peaceful 
appl wations of atomic energy 


ENGINEERS- 
SENIOR POSITIONS 


Diversified work in overall reactor analysis 


SYSTEMS/CONTROL- ANALYSIS 


Qualifications: BS, MS, PhD in EE, Physics or Nuclear 
Engineering. 1-3 yrs: experience reactor or control systems 
evaluations, or related instrumentation. 

Duties: Direct and perform stability analysis. Develop 
power plant control systems. Prepare system specifications, 
and perform nuclear hazard evaluation of reactor systems. 


REACTOR ANALYSIS 


Qualifications: BS, MS in Engineering. Prefer minimum 
4 years’ experience in related field. 

Duties: Analyze, direct engineering efforts on advanced 

reactor plant design. Special emphasis on overall plant 

control, steam plant operation and economic analysis of 
integrated reactor steam plants. 


Write: Answer will be prompt, confidential. 
LE — 
Ss SS 
, ae 


A ATOMICS 
CAE INTERNATIONAL 


Si 
A DIVISION OF NORTH AMERICAN AVIATION, INC 
Mr. G. W. Newton, Personnel Office, Dept. 


21600 Vanowen Street, Canoga Park, California 
(In the Suburban San Fernando Valley, near Los Angeles) 
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NEW PRODUCTS 


unit weighs 40 Ib. Input can vary 
from 95 to 130 volts, 45 to 70 cycles. 
—McHenry Control Corp., Norwalk, 
Conn. 


Circle No. 27 on reply card 


— 


LOW CORE LOSS 


A number of specially designed pulse 
transformers are now available for 
use in transistor blocking oscillator 
circuits. Using a flat-bed ferrite core 
with high permeability, these units 
present an excellent impedence match 
to the transistor with very low leak- 
age inductance. This characteristic, 
plus their extremely low core loss, per- 
mits operation of these transformers 
at repetition rates of up to 500 kc. 
In a typical evaluation circuit, a high 
impedance trigger of 0.4 volt will 
produce low-impedance output pulses 
essentially equal to the supply voltage. 
These pulses can be varied from 0.2 
to 40 microsec.—Pulse Engineering, 
Redwood City, Calif. 

Circle No. 28 on reply card 


DRIVES SERVOVALVES 


The new Model 33 servoamplifier, 
above, is designed to drive pneumatic 
or hydraulic servovalves in power 
servo applications. Features of the 
five-tube unit include: excellent dy- 
namic response; de or ac inputs; 60- 
cycle excitation for feedback elements 
such as variable reluctance or E-type 
transformer pickoffs, synchros, or po- 
tentiometers; pane] meter for moni- 
toring system performance; and pro- 
vision for plug-in compensating 
networks to alter servo system dynamic 
response when _ required._Raymond 
Atchley, Inc., Los Angeles, Calif. 
Circle No. 29 on reply card 





To assist you in controlling 


the flow of a corrosive 
product, we offer the 
ONLY Control Valve that 
safeguards your product 
and itself with TEFLON. 


The body, stuffing box, 
integral seat and internal 
ports are all precision 
machined from a solid 
block of TEFLON*, and 
encased in a stainless steel 
housing. The plug and 
stem are one, precision 
machined from TEFLON 
and reinforced with stain- 
less steel. Spring loaded, 
TEFLON chevron rings 
maintain a tight stem seal. 


The plug will be 
characterized and 
calibrated to meet your 
requirements within the 
following ranges, 0.003 
minimum to 1.4 maximum 
Cv, with a maximum 
rangeability of 50 to 1. 
For throttling control the 
positioner is recommended 
but may be left off for 
on-off service. 


*Other materials available. 





Brisro.. 


G. W. DAHL CO., INC. 


TEFLON VALVE 
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All TEFLON components are indicated by white area above. 
The Valve is equipped with TEFLON end connections, machined 
for coupling to glass pipe. Other types of end connections are 
available upon request. 








REPRESENTATIVES IN PRINCIPAL CITIES Write us for complete 
technical information, or for the address of our representative in your area 








GEORGE W. DAHL COMPANY, INC. 86 TUPELO STREET, BRISTOL, R. I. 
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CHOPPERS 


Twenty-two types, 
both single and 
double pole. 


| Long life. 
Low noise level. 
Extreme reliability. 


Write for Catalog. 


STEVENS 


INCORPORATED 
ARNOLD 


7 ELKINS STREET 
Telli M-lel tie), ram UE tS) 


FIXED FREQUENCY 


4 » 3 i 


Pa 


é WATTS OF STABLE MAINTENANCE-FREE AC POWER. 


FREQUENCIES FROM 200 TO == 15,000 CPS. 





FREQUENCY STABILITY 
no load to full load. < VOLTAGE STABILITY 
DISTORTION (LESS THAN) ) °f rated output 


0 we - %. 


DESIGNED FOR 19” RACK MOUNTING IN A MIN 


@ uses: strain gauge, gyroscope, computer and ac 
transducer power supply. 

@ laboratory or production source of very stabile 
harmonic free power. 

@ single and multiple frequency units stocked. 

®@ output voltages from 10 to 150 volts rms. 

@ custom units to 60 watts. 


* CARDINAL INSTRUMENTATION CORPORATION 
Dept. D-2 4201 Redwood Ave., Los Angeles 66, Calif. 
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WHAT’S NEW 


Does Sputnik Mean Spree? 


No, according to those ob- 
servers who are keeping 
trained eyes on areas that 
would be the first to respond 
to any boom kicked off by a 
satellite race. 


When the only plant in town is 
awarded a juicy new contract that 
can only be fulfilled by raising salaries 
and hiring more people, everybody 
benefits. There is more to spend, 
more to buy, and more new demands 
to be granted. Multiply this small 
town by many small towns, and you 
get a picture of what it’s like when, 
for one reason or another, a whole 
nation goes on a spree. The purpose 
here is to try to see whether a certain 
recent development, sputnik by name, 
will send the U.S. on that spree. 

Logically, it could, for the launch- 
ing of the Russian satellite has given 
rise to, among other things, a call for 
1 $1-$2 billion increase in military 
spending for fiscal 1959 (outlays, say 
reports from Washington, are already 
exceeding a $38 billion goal), and 
to a strengthening of the conviction 
that big investment, spurred by more 
R&D work, will shoot up after a brief 
breather. 

Says the McGraw-Hill Dept. of Eco- 
nomics in a post-sputnik report on the 
business outlook: “The technical rev- 
olution, arising out of the spectacular 
increase in expenditures for research 
and development, will—in fact, must 
before too long—increase the demand 
for capital goods, and the demand for 
funds to purchase these goods. Thus, 
by what has come to be a sort of 
horizon for business planning, namely 
by the year 1960, investment in new 
plants and equipment will probably 
be up again, and heading for another 
record.” 

*But cuts are unavoidable—On the 
other side of the scale, however, is 
President Ejisenhower’s sobering ob- 
servation that “the first thing is to 
search for other places to cut expen- 
ditures”. And the well-considered 
word on this, from both McGraw- 
Hill economists and the McGraw-Hill 
Washington News Bureau, is that one 
of the areas that will suffer cuts is 
also one that is traditionally a big 
employer: the airplane industry. “Only 
18 percent of the aircraft and parts 
companies plan higher research spend 
ing next year,” report the economists. 
“And 27 percent are cutting back. 
This is twice the proportion in any 








































































































WIDE CAPABILITY...HIGH DEPENDABILITY 


NEW HALLAMORE DC AMPLIFIER The combination of low drift and noise with high stability and broad bandwidth constitutes 
an instrument very nearly ideal for applications requiring the amplification of DC signals. The Hallamore Model 0142 affords 
DC gain accuracy of 1°] or better and DC gain stability of .05°., with adrift of lessthan + 2 microvolts , referred to input 


with 10°, regulated line. Applications include telemetering, data handling and process control. The unit is also employed as 


an oscilloscope pre-amplifier, galvanometer driver, or error amplifier. Model 0142 is immediately available as a plug-in unit or 


as an element in a module of eight amplifiers with eight Model 0143 power supplies or one Model 0144 regulated power supply 


For general laboratory use, the amplifier has been combined with a Hallamore power supply in a convenient, portable cabinet, 
Model 0146. Write or phone for PUB 543, full description of Model 0142 DC Amplifier. Address: 8352 Brookhurst Avenue, 
Anaheim, California. 


HALLAMORE ELECTRONICS COMPANY a division of the SIEGLER CORPORATION 
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PENBERT 


INSTRUMENT VALVE 


Specially designed for and successfully 
used in instrument and regulating 
piping. Without dismantling piping 
network, dial gage replacement or 
repairs can be made. Back-seating stem 
permits repacking while valve is under 
pressure. Quality standards of complete 
line of Penberthy gages and valves 
maintained. Well worth investigating. 


FORGED CARBON STEEL 
STAINLESS STEEL TRIM 
BACK-SEATING STEM 

RENEWABLE SEAT 
INTEGRAL PRESSURE BLEED 


available in variety of 
materials and connections. 


WRITE for detailed information Dept. EN 


PENBERTHY MFG. CO. 1242 Holden Ave., Detroit, Mich. 


DIVISION OF BUFFALO-ECLIPSE CORPORATION 








Ray Mocuich, our chieg 


CHGLHECED, 4448; 


NO CONTROL 


till we discovered 


TIPPTRONIC 
CONTROLS 


We Build: 
temperature 
scanners 


punch press 
controls 


extruder 
controls 


overload 
controls 


bearing 
monitors 


write for catalogue AC-3A 
TIPPTRONIC, INC. 
Chagrin Falls, Ohio 


CONTROL 
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SYNCHRO 


26V and 115V, 400 cps, 
all types including resolvers 


(DC only) 


Size 11 Synchro 


Fast delivery on both 
military and special types 


WRITE FOR DETAILS! 


INDUCTION MOTORS 
OF CALIFORNIA 


DIVISION OF INDUCTION MOTORS CORP. 


6058 Walker Avenue, Maywood, California 
SRE RES 





WHAT’S NEW 





other industry. In the same defense 

area, a relatively large number of com- 

panies making scientific instruments 

report reduction in research pro- 
9 

grams. 

Scale-balancers like this indicate 
that a spending spree is probably not 
around the corner for the U. S. For 
a bit of corroboration, take a look at 
these paragraphs from Washington. 

“The experts are saving that mili- 
tary spending will stay high for some 
time. By the early 1960's, they predict, 
direct military spending will be in the 
range of $42.6 to $43.6 billion—up 
$4 to $5 billion over present levels. 
¢ But no higher taxes—“‘In spite of the 
stepped-up spending program, the ad- 
ministration discounts the need for 
more taxes. But, there is little hope 
for any tax cuts, either. In the final 
analysis, it depends on what Congress 
does next spring when it votes on the 
budget.” 

In other words, it looks like there 
will be something approaching a 
status quo. Even Congress, which 
many observers expected to be torn 
by partisan fights over what we would 
spend, what we can afford to spend, 
and what we are getting out of pres 
ent expenditures, remains relatively 
calm. Again from Washington: 

“Right now, there is support in 
Congress for expanding military 
spending, but both Democrats and 
Republicans want to make sure that 
it is done wisely .. . 

“Quantity production orders for 
such things as inertial guidance sys- 
tems, controls, and electronic ground- 
handling equipment for the IRBM’s 
will soon be showing up. More dollars 
are slated for the long-range radar de- 
velopment for ballistic missile defense 
systems, auto-submarine detection de- 
vices, and electronic gear tied to the 
intercontinental ballistic missile. 
*More money, more caution—“Re- 
search and development will be 
boosted. The total military budget 
for this now amounts to some $1.6- 
billion. It is expected to climb to 
around $2 billion next year. Other 
projects, such as space flight, fuel de 
velopment, and nuclear aircraft will 
get more attention. 

“But, while the door has _ been 
opened to pump more money into 
the missile and satellite era, there is 
going to be more attention given to 
how these projects are run. Congress 
is sure to make political hay out of 
what it calls short-sighted administra- 
tive policies and inter-service rivalry 
that got us into the number-two spot 
in the missile race.” 





dependable relays 


Maybe you, too, have been awaiting availability of a 
good relay for direct insertion into printed circuits. Now 
Automatic Electric can solve your problem with a minia- 
ture relay that is just right. 

120 million operations, without a single readjustment 
or relubrication! That’s what you get from this rugged, 
improved Series SQPC Relay, because it features a special 
heavy-duty bearing and bearing pin. Also a recess in the 
bearing plate retains an adequate supply of lubricant 
for long-term lubrication of the bearing pin. 

Consider these additional advantages: 

1. The sections of the terminals that insert into the 
printed circuit board are NOT brazed or welded 
into place, but are integral parts of the coil ter- 
minals and contact springs—thus preventing in- 
ternal loss in Gonductivity or continuity. 

2. Terminal design permits direct plug-in of the relay 
into a printed circuit board, ready to be secured in 
place with any acceptable soldering technique. 

Usually the desired contact spring combination, or 
pile-up, is sufficiently large so that additional mounting 
(support) of the relay is not necessary. 


for printed circuits 


SQPC Miniature Printed Circuit Relays are available 
with many different contact spring arrangements, and 
for a multitude of applications. Springs can be made of 
phosphor-bronze, ‘‘Bronco”’ 
purpose materials, as required 


metal, or other special 


Of course the long life, heavy-duty features of the 
improved SQPC Relay can be had in the conventional 
type of plug-in relay, if regular sockets are preferred for 
use, whether in printed circuitry or other applications 

To get complete details, write: Automatic Electric Sales 
Corporation, Northlake, Illinois. Jn Canada: Automatic 
Electric (Canada) Ltd., Toronto. Offices in principal cities. 


AUTOMATIC <> ELECTRIC 


“@ 
A member of the General Telephone System 


One of America's great communications systems 


JANUARY 1958 











Concord Control offers 

to equipment builders 

and users 

extensive experience 

in the development, design 
and manufacture of advanced 
Numerical Control Systems. 


‘a numerical control 


CONCORD CONTROL, INC., 1282 Soldiers Field Road 
Boston 


| 
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| WHAT'S NEW 


IMPORTANT MOVES 
BY KEY PEOPLE 


Fink of Philco Succeeds 
Henderson as IRE Head 


New officers of the IRE are: presi- 
dent, Donald G. Fink, director of re- 
search for Philco Corp.; vice-president, 
Carl-Eric Granqvist, director of the 
Electronic Laboratory of Svenska Ak- 
tiebolaget Gasaccumulator, Stock- 
holm-Lidingo, Sweden; directors, Gor- 
don S. Brown, head of the EE Dept. 
at MIT and a CtE consultant, and 
W. H. Doherty, assistant to the pres- 
ident of the Bell Telephone Labora- 
tories, Inc.; regional directors, R. L. 
McFarlan, consultant; E. H. Schulz, 
Armour Research Foundation; G. A. 
Fowler, Sandia Corp. 

Fink, who succeeds John T. Hen- 
derson, principal research officer of 
the National Research Council, Ot- 
tawa, Can., is a former editor-in-chief 
of Electronics magazine, a McGraw- 
Hill publication. He has been with 
Philco since 1952. Fink is responsi- 
ble for the design of the standard 
loran transmitter. Granqvist holds 
many patents in radio air navigation 
systems and devices. Like Fink, he is 
a fellow of the IRE. 


Other Important Moves 


> American Electronics, Inc., has 
made three top-level appointments: 
Clement J. Savant Jr. to director of 
engineering, Benjamin Cooper to vice- 
president and director, and E. F. 
Echolds to chief engineer of the Elec- 
tro-Mechanical Div. Savant was most 
recently director of engineering for 
Cal-Air Engineering, Inc., which is 


C. J. Savant Jr. E. F. Echolds 

now a wholly-owned subsidiary of 
AEI. Before that he was with North 
American Aviation, Inc., Servomech- 
anisms, Inc., and Cal Tech, where he 
held an associate professorship. He is 
the author of a new McGraw-Hill 
text, Basic Feedback Control System 





HETHERINGTON 


SWITCHES « INDICATOR LIGHTS ¢« SPECIAL ASSEMBLIES 


EERING NEWS #8 


NEW FAMILY OF 66 TOGGLES 


LIKES THE RUGGED MILITARY LIFE 


If there’s anything to heredity, the 
sixty-six talented toggles of the 
Hetherington “1500 Series” have 
grown more robust and better 
suited to their environments be- 
cause of it. Sired by JAN-S-23 and 
MIL-S-6745, the “1500 Series’’ de- 
sign has become firmly established 
as the heavy duty toggle switch 
family for aviation, military and 
critical industrial equipment. 

The new Hetherington “1500 
Series” includes twelve single- and 
double-pole circuit arrangements 
in 2- and 3-position types—many 
with a wide choice of momentary 


and maintained contact actions. In 
addition, most types are available 
for 1-hole or 3-hole mounting with 
solder lugs or screw terminals. 

Contact ratings range from 15 to 
40 amperes (resistive) at 28v dc, 
depending on type. Thanks to the 
sturdy design of the snap-action 
mechanism, Hetherington ‘1500 
Series” Toggles withstand over 50G 
shock without contact transfer and 
give smooth, reliable operation 
from +180°F to —67°F. 

New Hetherington Bulletin S-8, 
now on press, gives full details on 
the complete “1500 Series’”’ line. 





FINE-WIRE COILS 


to closest tolerances 


Small coils using exceedingly fine 
wire grades have long been necessary 
for many of Hetherington’s own elec- 
trical and electronic products. Now, 
these same Hetherington coil facilities 
are available to other coil users for 
the economical production of paper- 
section, bobbin-wound, or form-wound 
coils to the most rigid specifications. 
Send an outline of your coil require- 
ments today for a prompt quotation 
. any size, any quantity. 





| When You Need Hetherington Products 
| IN A HURRY! 


for .. Breadboards . . Prototypes . . Small production runs 


. - Special projects 


Twenty-three of the most commonly needed Hethering- 
ton products are now stocked for immediate delivery 


6 INDICATOR LIGHTS 
PUSHBUTTON SWITCHES 
including MS25089 types 
TOGGLE SWITCHES—submin- 
iature to heavy-duty 
SWITCHLITES (switches with 
built-in lights) 

ROTARY and 
PUSH-PUSH SWITCHES 


by over 40 electronic parts distributors throughout the 
country. You'll get fast, local delivery ... and at factory 
prices for less than 50 pieces. 

For the name of your nearest distributor and bulletins 
of the Hetherington products he carries write directly 
to: Distributor’s Division, Hetherington Inc., 26 Ritten- 
house Place, Ardmore, Pa. 


HETHERINGTON INC. DELMARDRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif 


designed for use where 


one failure is one too many 
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IMMEDIATE DELIVERY 
ON LEDEX. ROTARY 
SOLENOIDS ! 


Many populor models of LEDEX Rotary Sole- WRITE FOR BULLETIN 


noids will be shipped the same day or the 
. in quantities 


doy after receipt of order. . 
up to 9 of each model. 


G 


_— 


® 
123 


FREE from 





an informative 
booklet on 


10-57-S 
complete engineering data 
on all models available for 

immediate delivery 


WEBSTER ST., DAYTON, OHIO 
IN CANADA: 

Mersiand Engineering Ltd., Kitchener, Ontario 

IN EUROPE 

NSF Lid., 31-32 Alfred Place, London, England 

NSF, GmbH, Further Strasse 1010, Nurnberg, Germany 


“WHAT CLOSED CIRCUIT 


TV MEANS TO YOU” 


There are many applications with- 
in your organization that can be 
benefited by the use of closed cir- 
cuit (industrial) TV. This free 
informative booklet gives you the 
complete facts on closed circuit 
TV —what it is—how it works— 
the equipment necessary —a 
checklist of areas that can be 
benefited — how industry, educa- 
tion, etc. use closed circuit TV. 

Learn all about it today by writing: 


DYNATROL 
LEVEL CONTROL 


Model CL-10 Dynatrol utilizes 
dynamic type design principle for 
extremely accurate and versatile high- 
low point detection or narrow level 
range proportional control. This small 
and rugged low cost control has a 
positive acting electrical output re- 
sponse to level variation. Rated for 





Blonder-Tongue Labs., Inc. Dept. CE-1 
9 Alling Street, Newark 2, N. J. 

Please send free booklet “What Closed 
Circuit TV Means To You.” 

Company name 

Name 
Address 


City-—______Zone—_S tate. 
manufacturer of B-T Observer TV camera, DVM 
Video Monitors, Automatic Light Compensator 














3000 psig—any position %” pipe 
mounting—115VAC explosion proof 
—no seals for leakage—corrosion 
resistant. 

Write for Bulletin J57 
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AUTOMATION 
PRODUCTS, INC. 


WHAT’S NEW 


Design. Cooper, who fills the vacancy 
left by the death of Ray H. Cripps, 
was founder and sole owner of Taller 
& Cooper, Inc., another recent AEI 
acquisition. He remains chief execu- 
tive officer of T&C. Echolds comes 
to the company from the Navy Bureau 
of Ordnance, where he was design 
consultant for electromechanical de- 
vices and automatic control systems. 

> Jeffery Cohen is the new chief de- 
velopment engineer, and Charles Proc- 
tor the new chief production engineer, 
of the Topp Mfg. Div. of Topp In- 
dustries, Inc. Cohen comes from 
Hughes Aircraft, where he was group 
head of systems and controls in com- 
munication. Before that he was with 
Crosley Corp. and Amperex Elec- 
tronics, Inc. Proctor was formerly 
with the University of California’s 
proving ground in nuclear research at 
Los Alamos. 

> Texas Instruments, Inc., has named 
Robert W. Olson vice-president for 
rescarch and engineering, and has 
picked E. O. Vetter to replace Olson 
as general manager of the Industrial 
Instrumentation Div. at Houston. Ol 
son, who left a TI vice-presidency 
to take over the Houston division in 
1953, returns to the executive staff 
in the same capacity as he left it. 
Vetter comes to his new post from 
Geophysical Service, Inc., a TI sub- 
sidiary, where he had been adminis- 
trative vice-president since 1955. 

> Charles R. Claxton, whose work 
with Stone & Webster Engineering 
Corp. has been principally in atomic 
energy (he was project engineer in 
charge of the architect-engineering 
services that S&W supplied to West- 
inghouse Electric Corp. in connection 
with design of the latter's pressurized 
water reactor), has been named _ as- 
sistant chief engineer of the Nuclear 
Projects Div. Since joining S&W in 
1941, Claxton has worked on the 
designs of many chemical and _pe- 
troleum plants in the U. S. and Great 
Britain. 

> The new director of engineering for 
the Utica Div. of Bendix Aviation is 
Robert S. Kinsey, who comes from 
Reaction Motors, where he was vice- 
president of operations. Before that 
he was head of the Industrial Engi- 
neering Dept. of Curtiss-Wright’s 
Aeronautical Div. 

> Henry Mutz, assistant chief engi- 
neer of Astron Corp., will supervise 
the design, engineering, sales, and 
production and quality control of all 
Astron RF filters as administrator of 
the new Astron RF Filter Design & 
Sales Div. Before joining Astron, 





Hughes 
Quick Recovery 
Silicon Junction 
Diodes 








Now, in circuits where germanium once provided : 
the only possibility, you can use quick recovery aerial 

Silicon diodes from Hughes. Speeds are fast Type ; Current @ Reverse Current at Specified Voltage Recovery 
enough for most high frequency or fast switch- Numbers WIV (min) 1.5¥ (min)  @ 25°C (max) @ 100°C (max.) (mod. IBM “Y" test circuit 
ing applications. And every diode is well able to mes = on v = —" os (BE om 
stand up under high voltages at high tempera- 7 Waa —2V atiaa she tale 
tures. In fact, the breakdown voltage increases : ; 

with temperature, thereby providing maximum inezs ad aah MAS — HA] —TV 400 Kea (min.) in 1 see 
protection when temperatures reach unexpected 1N627 190¥ 4mA 20,4 @ —75V 100,A@—T5¥ 400 Kp 
levels. This is real ruggedness, the kind that ame we ain a, we wa os wt , 
ensures reliability under the most severe operat- ” inal sit sical a 


ing conditions, 1N628 200 4mA 20,A@—175V = 100, A@ —175V 400 Kx (min.) in 1, see 





in 1,,se¢ 





NEW HIGHER CONDUCTANCE TYPES — Here's a new 
group of related diodes, each with excellent volt- 
age and temperature characteristics plus the added 50V 1SmA WA@~-EV 100, A@ —H5V Q (min.) in 1,,see 
advantage of higher forward current. 


150¥ 6mA 20,4 @ —125¥ 100,A @ —125V g (min.) in 1 see 


15mA 20,A@—125V 100, A@ —125V © (min.) in 1,,see 
* Special high conductance types are available in 


: mA 20,4 @ —35V 100,A @ —35V min.) in 1,,se¢ 
all voltage classes covered by the standard line. “ “ 





Ambient Operating Temperature Range: —80°C to + 150°C 








Perhaps you would like to discuss your particular 
requirements with us. If so, please write: 


SEMICONDUCTOR DIVISION + HUGHES Aircraft Company 
International Airport Station, Los Angeles 45, California 





Creating a new world with ELEC anbe 
HUGHES | HUGHES PRODUCTS 
Ee): 


SEMICONDUCTORS © 1958, HUGHES AIRCRAFT COMPANY 
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Vow! 


For any conceivable 
counting job! 

a new, low power, 
light weight, all 
transistor, 150 KC 
frequency time 
counter 


Features maximum reliability, long life and small size. 
Direct Digitai in-line readout, does not require matrix. 


Variable time base permits direct reading of results with- 
out consideration of transducer conversion factors. 


SPECIFICATIONS 


Input Frequency Range 
0 to 150 ke 
Input Sensitivity 
0.1 volt rms, with input 
decade steps 
Accuracy 
Tl cycle of measured frec 
Crystal Stability 
1 cycle/megacycle 
Registration 
5 «digits 
Display Time 
Continuously var 


automatic, until 


Gate Intervals 
Selection of ga 
seconds to 10 
Mmicrosecon ine 

Display 
In-line, 5 digit read« 

Reset 


Manual or automatic recycling 


Preset Interval Range 
10 microseconds to 10 seconds 
P ‘ 
Accuracy as Interval Generator 
10 microseconds 
Recycling Time 
10 microseconds maximum 
Output 


Independent or simultaneous out 


volts positive, 500 ohms output in 


Dimensions 
8” wide x 12” high x 15” 
Weight 
20 pounds 
Output Connections 
Rear Panel Jacks 
Priced 
Competitively with the best 
vacuum tube counters 





\t last you can have a high quality. 
low-power, lightweight. transistorized 
150 ke Frequency Time Counter that 
combines the precision of a laboratory 
instrument with the ruggedness required 
for factory applications and will last 
indefinitely. 


The new Potter Model 860, Frequency 
Time Counter, is a small compact instru- 
ment. It may be used to perform normal 
counting functions and as a timing and 
frequency measuring device. 


In addition, the Model 860 may be 
used as a preset interval generator to 
provide preset intervals, delays or counts 
saving the cost of an additional instru- 
ment when preset interval generating 
functions are required. 


Timing and frequency features of the 
Model 860 include direct measurement 
of frequency from 0 to 150 ke, frequency 
ratio determination, period measure- 
ments for 1 or 10 cycles, and time 
interval measurements for intervals 
from inputs up to 150 ke. Predetermined 
counting to any number up to 9999 with 
extension in steps of 10 or 100 to 
to 666600 and external count gating are 
additional features. 


Call or write the factory or your 
Potter Instrument Company representa- 
tive for further information or for assis- 
tance with your counting problems. 


POTTER INSTRUMENT COMPANY, inc. 


Sunnyside Boulevard, Plainview, New York 
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WHAT’S NEW 


Mutz was chief engineer of the Chi- 
cago plant of Solar Corp. 

> Joseph O'Reilly is the new general 
manager of Ferroxcube Corp. of Amer- 
ica, the ferrite-core maker owned by 
North American Philips Co., Inc. 

> 1-L-S Instrument Corp., electronic 
instrument maker of Cleveland, has 
appointed Thomas J. Noveski chicf 
engineer. Noveski has done product 
development work with Hickok Elec 
trical Instrument Co. and the Brush 
Electronics Div. of Clevite Corp. 

> George F. Hagger is the new vice- 
president for engineering of Snap-Tite, 
Inc. He moves up from director of 
engineering of the Union City, Pa., 
coupling manufacturer. 

> Harold B. Nichols goes from Cubic 
Corp., where he was chief designer, 
to the engineering staff of Humphrey, 
Inc. 

> C. Harold Hannan, formerly engi- 
neering manager for instrument appli- 
cations of Fafnir Bearing Co., New 
Britain, Conn., joints Miniature Pre- 
cision Bearings, Inc., as senior appli- 
cation engineer. 

> Monte L. Marks, who has been with 
Consolidated Electrodynamics Corp. 
since 1951, has been named chief 
development engineer of the Analyti- 
cal & Control Instruments Div. 

> Minneapolis-Honeywell Regulator 
Co. has promoted George W. Hoff- 
meister to general superintendent of 
its new $300,000 instrument plant 
at Fall River, Mass. Hoffmeister, who 
joined M-H in 1944 as a time study 
engineer, had been superintendent of 
assembly operations at the Brown In 
strument Div. in Philadelphia. 

> Kenneth M. Miller has resumed his 
position as manager of engineering at 
Lear, Inc.’s LearCal Div. For the 
past year, he has been on special 
assignment for the company as man- 
ager of special products. 

>» New chief engineer at Waters Mfg. 
Co. is Richard Houghton, formerly in 
charge of the missile instrumentation 
group at Sanders Associates. At 
Waters, Houghton will be responsible 
for the development and manufacture 
of electrical and electronic com- 
ponents and instruments. 

> Stanley L. Pearl joins ESC Corp. as 
a project engineer to supervise design 
development of delay lines, pulse form- 
ing networks and related pulse equip- 
ment. 


Obituary 
Gerard Swope, 84, president of GE 


from 1922 to 1939, at his home in 
New York City, of pneumonia. 





...to meter-relay dependability 


The only truly dependable meter-relays are those built with locking contacts. For lasting, 
reliable contact action, meter-relay contacts must make firmly and break cleanly, every time. 


An indicating meter with a couple of contacts stuck some- Locking A j abit Lane 
where inside just won't do. Such an instrument may be Coil annals 

excruciatingly accurate as an indicator, but it will fail Action ™ 
miserably in a control application. 


heart of our business, we have the greatest ncern ‘ 
LET'S CLEAR THE AIR ea siness e ive e greate conce lor 


‘ their reputation. 
We make these statements because there seems to be some P 


misunderstanding about how contact meter-relays should Indeed, we think everyone who has anything to do with 
be built and what they will do. Since they are the very meter-relays will benefit from a better understanding of them. 


Trouble is, a meter 
movement alone won't 


PRIMER STUFF, BUT PERTINENT intact ia 

Any meter-relay which makes and breaks contacts by We use a locking coil to grab and hold the contacts. 
depending on the tiny forces inherent in a meter move- When they touch, there is no fooling . they close. The 
ment has been manufactured by whistlers-in-the-dark. 
Make and break must come from an auxiliary device 
Without it, you'll get, at best, only a halting, exploratory : ; 
type of contact. On the break, you'll get fluttering and arcing For positive separation, our meter-relays have a spring that 
and probably sticking . . . at a point maybe 50% benind loads when the contacts lock. When separation is desired, 
where the contact should have separated. this spring unloads, flicking the contacts apart. 





locking coil develops thousands of times as much press- 


together torque as the meter movement alone can generate. 


Operates 10,000,000 
to 20,000,000 times 





HERE'S HOW LOCKING PAYS OFF 
Properly used, locking coil contacts will operate reliably It is true that the need to unlock contacts sometimes 
10 to 20 million times. Non-locking contacts will do well to presents circuit problems. But think of the problems if a 
make it through 100,000 cycles, and this at greatly reduced meter-relay’s contacts won't work at all! Then you don't 
contact current. have a meter-relay—simply a mighty expensive indicator. 


GET YOUR MONEY'S WORTH 

Meter-relays are used to do hundreds of jobs because they and didn’t make out so well, we'd like to have you try again. 
are extremely sensitive, indicating and adjustable. If you've In particular, try our locking coil types so you give meter- 
never tried them, we wish you would. If you've tried them relays a fair shake—and do yourself a good turn in the bargain. 


ASSEMBLY PRODUCTS, INC.., 75 wiison Mills Road, Chesteriand 22, Ohio 


Telephone: (Cleveland, 0.) HAmiiton 3-4436 « TWX: Gates Milis, Ohio 25-VU 
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NOW! END READOUT CONFUSION... 
with the new KIN TEL digital voltmeter 


ANOTHER FIRST FROM KIN TEL! Here is a digital voltmeter that 
shows numbers on a readable single plane! With KIN TEL’s new 
design, there are no superimposed outlines of numbers in the 
picture...no confusion caused by dials and old style numerical 
readouts. This digital readout uses a simple projection system — 
provides 7,000 to 8,000 hours of lamp life, compared with 100 to 
200 hours for ordinary readouts. 


FIRST OF A COMPLETE LINE OF DIGITAL INSTRUMENTS! Others 
include: Converters for measuring AC, ohms, ratios...multiple 
input scanners ...serial converters to drive typewriters and 
punched tape units. 


WIDE APPLICATION! KIN TEL digital instruments are ideal for 
automatic check-out systems for missiles and rockets; computer 
measurements; process control monitoring; production testing; 
test system calibration; strain gage, thermocouple and other 
transducer measurements, and calibration of laboratory and 
industrial electronic instruments. 


Talk to your local KIN TEL representative. Sales and service 
everywhere. Or write us direct for further information. 


See the difference! 


ORDINARY READOUT 


KIN TEL READOUT CLEAR AND SHARP, ANY WAY YOU LOOK AT IT 


CONTROL ENGINEERING 


Over 10,000 KIN TEL instruments in use today! 


(KAY LAB) 


5725 Kearny Villa Road 
San Diego 11, California 
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RECORDING SYSTEM M 
western Instruments, Ih Bulletin, 8 py 
Block diagran llustrate t I T 
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Separate sections er the controls, am | nical I 
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and power supplies 

Bulletin also I 

of specifications 

102) COMPUTER TALK. Electro 

Engineering Co. Bulletin ZA-1 4 pp 

Contains an interesting description of how 

this company’s Computer Language Tran 

lator converts the tape output of 

computer into a suitable input for any 

other computer. A section on operatic 

and construction shows a typical multiple 

function setup 


JANUARY 1958 











BUSINESS REPLY CARD 


New York, N. Y 


First Class Permit No. 64, (Ser. P. L 








Reader Service Department 


CONTROL ENGINEERING 
330 West 42nd Street 
YORK 36, N. Y. 


NEW 


nile 


D 


United 








BUSINESS REPLY CARD 


First Class Permit No. 64, (Ser. P. L 


New York, N. Y 








Reader Service Department 


CONTROL ENGINEERING 
330 West 42nd Street 
NEW YORK 36, N. Y. 


water reactor. Simplified 
and photos explain how each 
is a Safety feat 


I 1 
RI ( eee EQUIPMENT. 
illetin SA-8]. pp. Pre- 


r 
re 


recording 
( testing, 
entation, data reduction sys- 
A tape 
int-pu anning printer, and 
printer a just some of the 
ribed 
MU LTI-POINT INDICATORS 
Hagan Chemical & Controls, Inc. Bulle- 
tin MSP-134, 8 pp. Points out the advan- 
tages of Hagan’s ver ] multi-point 
for draft and differen 
ranges avail 
able for each of these applications 
113) OSCILLOGRAPHIC RECORD- 
ING. Sanborn Co. Catalog, 16 pp. Well 
illustrated, this new bulletin contains de- 
scriptions, specifications, and prices on a 
omplete line of os graphic equipment 
In many instances, a block or circuit dia 
gram is also included. Accessories and 
paper rolls from 24 to 16 in. wide round 
ut the coverage 
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A. W. Haydon Co. Bulletin 
602, 2 pp. Two subminiature 
sealed elapsed-time indicators ; 
ject of this sheet. Data furnished cove 
one dial and two digital types. Operatio 
specifications, military specifications, and 
dimensioned drawings provide the designer 
with an overall picture of the units 

115) GAS CHROMATOGRAPHS. Beck 
man/Scientific. Data Sheets 715-A, 727 
and 728, 6 pp. Photos and flow diagrams 
illustrate descriptive information on two 
gas chromatog raphs and line of accessori« 
Principle specifications are included 

116) TEMPERATURI CONTROI 
VALVES. Jordan Industrial Sales Div 
of OPW Corp. Bulletin 655, 6 as Ex 
plains selection, sizing, and order 
temperature-control valves. Tells 

select proper body material, valve trim, 
thermal systems, etc. Detailed formulas 
and examples show how to assure proper 
valve sizing, essential to accurate control 
117) MORE FLUID POWER NEWS 
The Oilgear Co. Newsletter No. 4, 8 pp 
This issue contains a reprint of an article 
by Oilgear’s Norbert J. Nitka entitled 
“Electro-Hydraulic Pump Stokers for Ver 
satile Open-Loop Hydraulic Circuitry.” 


AWH-I 


Post-card is included for those wishing to 
receive Fluid Power News regularly 
(118) PACKAGED CIRCUITS. Centra 
lab Div. of Globe-Union I Guide No 
4, 12 pp. Presents schematic and specif 
cations on 98 types of packaged electroni 
circuits. Also includes a section showing 
the proper testing procedure for checking 
the circuits described 

119) DRUM STORAGE. Bryant Gage 
& Spindle “ag , Bryant ¢ king Grinder 
Co. Bulletin, 4 pp. Covers performance 
characteristics and sy al fe 
512A Magnetic Stora Drum. Custom 
designed drums, integral 1 rs, ball beat 
ings, and air bearings a d ed 
120) TRANSISTOR NVI RTE! 
Varo Mfg. Co., Data S 
tents include a gene 
the present state of the 
engineering discussi 
approaches used, a 
vidual data sheet 
power supplies 
peration and npl 
121) X-RAY INST ATION 
Philips Electronics, [1 I ] 12 pp 
Gives engineering data o1 newest 
x-ray instruments for ¢ t analysis and 
structure determinati 
diffraction equipment 
the x-ray Diffractometer 
Spectrograph. A _ spe 
voted to the electroni 
with these instruments 

122) DATA REDI 

Data Div. of Burroug!l 
No. 5-03-120. 8 ¢ 
Datatron in reducing 

great quantities o f raw 
mass spectrometer analys 
of a matrix of coefficients i the compi 
tation of a mixture’s p ssition 
are documented. 

123) DIFFERENTIAI INVERTER 
TRANSMITTER inneapolis-Honey 
well Regulator Co. I tation Data 
Sheet No. 10.14-8, 4 7 tribes three 
specific-gravity mea } 
using a single diffe 
Lists equipment needec 
over shows cutaway 
views operating princi] 
124) POLYSTYRENI 
TORS. Sprague 

2053, 6 pp. Rating 

g numbers are pre 
volta 


atures of the 


for various 
haracteristics covered 
range, insulation r 
factor, drift, and hun 
125) MACHINE 
Truce cage Sales Cor 
Describes profile conto 
ma hine tool contro] 
and | 
tolerances with 
Equipment covered 
and intermittent 
draulic 
programming consoles 
126) ELECTRIC VAC 
Vacuum Equipment 
Corp. Data Sheet 5¢ 
new line of electric va 
tinuous and accurate 

low absolute pressure 
cluding dimensions, are 
models available. 


arder metals 
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This old codger safely gages pressure by instinct... 


| a = 


You can rely on SR-4" Pressure Cells to measure 
and control all industrial pressures safely to 


within +%% accuracy 


The life of this toothy specimen depends 
on his staying at extreme ocean depths 
under many tons of pressure. If he 
ventures up too high—blooey! Sud- 
denly diminished pressure causes him 
to literally explode. 


B-L-H Fluid Pressure Cells are the one 
way to measure absolute or differential 
pressures with consistent accuracy to 
within +1449. They convert pressure 
changes directly into electrical changes 
—no moving parts to wear out, no 
long pressure lines with possible leak- 
age and fire hazards. The signal can be 
fed to Baldwin indicators, recorders, 


BALDWIN :- LIMA: HAMILTON 


Blectronics & Instrumentation Division 


controllers or data processing instru- 
ments—for our fishy friend, it could 
even activate a servomotor that would 
angle his fins downward and take him 
out of danger. 


Whatever your pressure measurement 
problem, a B-L-H representative will be 
happy to help you, from selecting the 
proper transducer to engineering acom- 
plete pressure measuring system. Re- 
member, a system is only as accurate as 
the transducer. Write today for your free 
copy of Bulletin 4306 on rugged, com- 
pact, reliable SR-4 Fluid Pressure Cells. 


BUT 
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“BB Series 


For your automation 
... computing... control 
circuit applications... 
“Telephone Quality” 
at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, this relay provides tele- 
phone quality at an ordinary 
price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
tages as twin contacts, knife-edge 
pivot and special frame-armature 
construction. Like all Stromberg- 
Carlson relays, it is built to op- 
erate under extreme ranges of 
temperature and humidity. 
Prompt delivery is available on 
all orders. 


This catalogue will 
give you complete 
technical details and 
specifications. Wewill 
gladly send you a free 
copy on request. 
Please ask for Cata- 


logue T-5000R. 
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A DIVISION OF GENERAL DYNAMICS CORPORATION 


TELECOMMUNICATION INDUSTRIAL SALES 
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Systems Engineering 


From “Computer Verification of 

Steam Generator Instrumentation 

for a Nuclear Power Plant” by D. P. 

Waite and E. E. Lynch, Instrument 

Dept. of General Electric. AIEE 

Paper presented at Session II of the 

Conference on Computers in Con- 

trol, Atlantic City N. J., Oct. 17, 

1957. 

This paper shows how electronic 
analog computers helped solve some 
complex problems in instrumenting 
the steam generator of a nucleat-pow- 
ered submarine. Besides the severe en- 
vironmental conditions of naval serv- 
ice, there was the problem of space, 
The steam drum, for example, had to 
be one-sixth the size of that used in a 
stationary plant of comparable rating. 
This, plus the fact that steam rate 
depends on the speed required, causes 
considerable swell and shrinkage in 
drum level. In a case like this, design- 
ers usually specify three-element feed- 
water control is shown in the authors’ 
Figure 1, reproduced below. 

The overall control problem is ap- 
proached in the following nine steps: 
«broad functional specifications are 
written for the entire system 
‘available information is used to syn- 
thesize a systems approach 
«dynamic and stability characteristics 
are established by mathematically de- 
scribing the system 
* an analog computer simulates the sys- 
tem 
* individual component dynamic char- 
acteristics are specified 
* component design studies reveal the 
necessary compromises 
*development models of the actual 
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LL= Liquid level signal 
W,= Steam flow signal 
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control equipment are built and their 
dynamic characteristics tested 
*closed-loop testing is conducted in 


Rate feedback type A 


atu) Feedback 





SP=K, AtB 
——_—__» 


G 








Summotion 
cascade type 











Possible system arrangements 


real time with the computer simulat- 
ing plant characteristics, and 

-actual production equipment is op- 
erationally checked. 

The specific problem here, of steam- 
generator instrumentation, was actu- 
ally approached in fewer steps. The 
steam-drum simulator was essentially 
a flow mismatch integrator, designed 
to include the effects of the “swell” 
phenomenon. Range limits on level 
were specified and monitored during 
computer runs. Swell action was simu- 
lated by adding a volume swell. 

By means of computer simulation, 
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Simplified schematic showing three-element feedwater contro! 











Barden Precision SR3SSX8 bearings as use 


BARDEN functional testing assures precision performance 


The SmoothRator, an electronic 
performance tester, was developed 
by Barden to check vibration as a 
measure of overall functional quality. 
A standard quality control instru- 
ment at Barden, the SmoothRator 
is also used by many leading com- 
ponent and systems manufacturers. 


SPECIFY BARDEN PRECISION BALL BEARINGS FOR 


Precision-built synchros require small, uni- 
form air gaps and consistently low torque to 
provide accurate response to a generated 
signal. 


Barden Precision low torque bearings assure 
the required air gap by close control of radial 
play and concentricity. The SR3SSX8 has an 
extra large O.D. which eliminates the need 
for end caps, increasing air gap accuracy and 
reducing synchro complexity and cost. 


From research and design, through quality 
controlled production, functional testing and 
application engineering each Barden Precision 
bearing is planned for performance. Barden 
Precision means not only dimensional ac- 


curacy but performance to match the de- 
mands of the application. 


Barden Precision bearings must pass rigid 
functional tests on the SmoothRator, the 
Torkintegrator and other Barden-developed 
or standard test devices. This functional test- 
ing is your assurance of consistent precision 
performance. 


Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature or high speed. For less 
difficult applications, Barden predictable per- 
formance can cut your rejection rates and 
teardown costs. 


THE BARDEN corporarion 


49 East Franklin Street, Danbury, Connecticut 
Western office: 3850 Wilshire Boulevard, Los Angeles 5, California 
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George W. Borg, who founded this 
corporation, is the ““Mr. Clutch” who 
started with Borg & Beck. He then 
helped organize the Borg-Warner 
Corporation of which he became 
president. Later he served as chair- 
man of the board until he resigned 
to devote his full attention to The 
George W. Borg Corporation. 
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The George W. Borg Corporation is 

comprised of three divisions 

@ Borg Pi oducts Division 
Manufactures automotive clocks. 

@ Borg Fabrics Division 
Manufactures deep-pile fabrics 
best known of this line is the 
fashionable ““Borgana’”’ fabric. 

@ Borg Equipment Division 
Manufactures Micropots (preci- 
sion potentiometers), Microdials 
(precision turn-counting dials), 
instrument motors, frequency 
standards, aircraft navigational 
instruments and components for 
systems. 
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HOW BORG 
EQUIPMENT DIVISION 
CAN HELP YOU 


Borg’s background of experience will 
save you time and money by helping 
you solve design and production prob- 
lems of electronic components. Whether 
you are faced with a special problem 
or interested in a standard component, 
call Borg Equipment Division for an 
economically sound solution. Write 
today for catalog BED-A56. 
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some theoretical studies were made of 
various system arrangements and com- 
ponent parameters. One system ar- 
rangement study involved rate feed- 
back; another a more complex cascade 
arrangement. Both are shown on page 
166. The rate feedback loop can be 
sidered to have a set-point input 
with a liquid-level output. Here liquid 
level is produced by integrating the 
mismatch between water flow E and 
steam flow A. Measured level is fed 
back for comparison to the desired 
level. Somewhat analogous to tachom- 
eter feedback, the flow mismatch pro- 
vides a stabilizing rate of level change 
signal. In the cascade system shown, 
reset in both controllers and the inte- 
grating effect of the steam drum, all in 
series, presented a stability problem. 
By eliminating reset in the first con- 
troller, making k, equal to k.k, k’, 
equal to k’, and k, equal to k,k,, the 
cascade system can be equated to the 
rate feedback type. Computer studies 
showed, however, no advantage for the 
more complex cascade type. 


Function Generator Types 


From “The Generation of Func- 

tions for Analog Computing” by 

Paul E. Stanley, Professor of Aero- 

nautical Engineering, Purdue Uni- 

versity. AIEE Conference Paper 

No. 57-661. Presented at the AIEE 

Summer General Meeting, Mont- 

real, Quebec, Can., June 24-28, 

1957. 

After briefly reviewing the function 
concept as it applies to one or more 
variables, the author lists five of the 
most common methods for stating 
the functional relationship and de- 
scribes and evaluates several techniques 
for generating functions of one vari- 


| able, suitable for analog computing. 


Both graphical and tabular methods 
are presented. One of the first of these 
is the input table borrowed directly 
from the earlier mechanical differential 
analyzer. Another, in this same class, 
uses nonlinear potentiometers. Both 
are practical only where the generated 
function appears repeatedly, as in the 
case of sine, cosine, and exponential 
functions. 

A similar treatment is given to sev- 
eral devices for generating functions 
of two or more variables. For clarity, 
the author classifies these as follows: 
devices that give the exact representa 
tion of certain simpler functions by 
the analoging of equations which de- 
scribe the function; devices involving 
approximation methods, using poly- 
nomial or similar representation of the 
function; and electromechanical func- 
tion generators. 


METHODS .. . EQUIPMENT 
. » » APPLICATIONS ... in 
PROCESS WORK 


In this giant, ready-reference volume, by a 
large staff of specialists, are the fundamental 
principles involved in scores of different types 
of measurement 
PLUS convenient 
the proper 
job at hand. 
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Just Published 


Process Instruments 
and Controls Handbook 


Douglas M. Considine 
Hughes Aircraft Co 
1383 pp., 1137 illus., $19.50 


Among subjects covered are 
standards, primary 
systems, indicators 
matic controllers, 
trollers, electric 


matical techniques 
control problems 

stants, and critical 
data for aid in 
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SECOND YANKEE 
INSTRUMENT FAIR 


AND 


SYMPOSIUM 


Ay 
t 


January 14 & 15, 1958 
10:30 AM to 10:00 PM 


Hotel Bradford, 
Boston, Massachusetts 


The Time: 
The Place: 


The Sponsor: 
Instrument Society of America— 
Boston, Connecticut Valley, and 
Fairfield County Sections, Inc. 


Subjects of regional interest will be covered 
at the symposium. L. SPINK, Foxboro’s 
flow specialist, will survey recent flow meas- 
urement advances. Long active in Pulp & 


Paper Society activities, R. WALKER, Instru- 
ment Supervisor at Eastern Corp., plans to 


discuss new trends in paper mill instrumen- 
tation. J. FULTON, head of Metcalf & 
Eddy’s Instrument Dept. will cover instru- 
ment personnel training for small and large 
plants. Instrumentation for nuclear power 
reactors is a subject W. JOHNSON of the 
Yankee Atomic Electric Co. knows first hand. 
A. R. AIKMAN of Schlumberger will survey 
recent in-process analytical instrument ad- 
vances. MIT plans to start up their new 
research reactor about show time, and it is 
hoped one of their people will cover the 
control problems involved. With satellite 
tracking of current interest and the ‘moon 
watch’ center located at the Smithsonian 
Astrophysical Observatory in Cambridge, 
the talk by one of Director F. WHIPPLE’S 
men on the instrumentation problems they 
encountered should be of great interest. 
L. P. ENTIN, staff research engineer with 
Minneapolis-Honeywell, will describe eval- 
vation of environmental motions on gyro 
and accelerometer performance. Radio- 
isotope techniques for industrial measure- 
ment will be covered by an authority from 
Tracerlab. 


FREE REGISTRATION FOR 
MEETINGS AND SHOW 








NEW BOOKS 





At Last—The Handbook 

Process INSTRUMENTS AND Con- 

rrROLS HanpsBoox. Douglas M. 

Considine, Editor-in-Chief, 1,286 

pp. Published by McGraw-Hill 

Book Co., Inc., New York 1957. 

$19.50. 

For the past five years a team of 71 
outstanding engineers, scientists, and 
teachers have, under the capable di- 
rection of Doug Considine (former 
manager of Brown Instrument’s Mar- 
ket Extension Div. and now director 
of marketing for the Hughes Products 
Div. of Hughes Aircraft Co.), worked 
earnestly to round up that remarkable 
proliferation of specialized hardware 
and techniques that has come to be 
known as process instrumentation. 

Today the long-awaited result of this 
massive effort is available as the latest 
member of the well-known McGraw- 
Hill Engineering Handbook series. Al- 
most 1,300 pages in size, the new 
handbook has been well worth waiting 
for. It offers to the engineer, for the 
first time, a unified compilation on a 
technology that is influencing almost 
every area of productive manufacture; 
an equivalent up-to-date review would 
heretofore have to be assembled by 
the reader from literally dozens of un- 
related sources. Further, it goes well 
beyond the “‘call of duty” of the usual 
handbook: it presents its information 
at a level that can be used by both the 
average engineer and technician. 

Mere classification of process instru- 
mentation is a difficult task, and Con- 
sidine offers some useful logic in his 
organization of the material into 13 
separate sections. The handbook 
starts out with a definition of the tech- 
nology and its standards of measure- 
ment, and then proceeds through sec- 
tions on temperature, pressure, flow, 
liquid-level, and chemical composition 
measurement. Section 7, “Other Proc- 
ess Measurements”, then introduces a 
new note to this conventional parade: 
in this section some of the new and 
relatively “off-beat” measuring tech- 
niques such as continuous weighing, 
theology, and photometric variables 
are placed in perspective. The hand- 
book goes on with sections on meas- 
uring instruments, automatic control- 
lers, final control elements, and the 
parade formally ends with a 90-page 
exposure to the principles of automatic 
control. Two fine sections then top 
off the book: 98 pages of reference 
data in the form of tables, curves and 
diagrams, and a 48-page glossary of 
process instrumentation terms. 

The question might well be asked, 
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Sealed against humidity, salt-spray 
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MEASURE ONLY: 
14"x14"x1K" 


BUT CARRY: 

to 25 A. resistive at 115-230 V., 
A, ©. 1 hn, 125-V., 2 hn., 
250 V., A.C.; D. C. and other 
higher ratings on request. 


CONTACTS: 

DPDT, Double Break-Double 
Make (Form Z). Special ar- 
rangements and sequence on 
request. 


MOUNTINGS: 

Socket, panel and sidewall ar- 
rangements standard; others 
to meet special needs. 


“Diamond H’”’ engineers are 
prepared to work out varia- 
tions of these rugged, depend- 
able relays to meet your spe- 
cific requirements in such ap- 
plications as automation 
controls, appliances and air 
conditioning equipment, or 
what you will. Just ask. 
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NEW BOOKS 


“Does the handbook cover each sub- 
ject as well as existing texts?” In 
most areas, the answer appears to be 
yes—and then some. Consider the ma- 
jor area of detail on the design and 
application of basic process instrument 
hardware. To-date there has been only 
one full-bodied book on this important 
subject: Rhodes’ Industrial Instru- 
ments for Measurement and Control, 
which was compiled in 1941 (in 1955 
a condensed and somewhat updated 
version of the Rhodes’ approach ap- 
peared in Holzbock’s Instruments for 
Measurement and Control). A brief 
comparison of the handbook’s sections 
with equivalent chapters in Rhodes re- 
veals the thorough job its authors have 
done. For one thing, the handbook’s 
coverage of the basic instruments that 
Rhodes described in 1941 is actually 
more detailed and extensive than the 
original treatment. Further, the new 
book does what Rhodes failed to do: it 
adds some details on application of the 
instruments to processes. Also, of 
course, it adds many, many pages on 
the new developments in each area 
that have appeared in 15 years. 

Take the earthy and long-exploited 
subject of liquid-level measurement. 
Rhodes dealt with this in 19 pages 
and described the five basic types that 
existed in his time. The handbook de- 
votes 70 pages to liquid-level measure- 
ment and at least 32 of these pages 
cover the instruments reviewed by 
Rhodes. Most of the remaining pages 
of the chapter thoroughly expose the 
remarkably varied new techniques of 
level measurement since ’41: the use 
of force-balance, nuclear gaging, elec- 
trode probes, ultrasound, oscillators, 
capacitance, photoelectric devices, etc. 
But there are also 16 pages offering a 
very unique round-up of the methods 
and hardware for solids-level detectors 
—a field of measurement that has only 
come into its own recently. 

Naturally, in some sections the 
handbook cannot compete with exist- 
ing specialized texts. Its 90 pages on 
the principles of automatic control, 
for example, cannot be considered as 
detailed as the 200- and 300-page texts 
that have appeared on this subject. 
Nevertheless, this particular section is 
in itself remarkably complete and in- 
cludes at least one unique feature: a 
logical, easily-understood summary of 
the several mathematical techniques 
for solving automatic control problems 
(this section, by Steve Higgins of 
Brown Instruments, is an outstand- 
ing contribution). 

Besides its splendid updating of in- 
formation on the commonly known 


areas of measurement and control 
hardware, the new handbook does a 
major job exposing new facets of in- 
strumentation that may have a power- 
ful impact on the future. For one 
thing, it thoroughly introduces meas- 
uring techniques that have only 
slightly invaded the process field; it 
has eight pages on thermistors; 34 
pages on strain gages and allied trans- 
ducers; an excellent 39-page digest of 
photometric techniques; 37 pages on 
theological measurements. And _ its 
largest section—213 pages of instru- 
mental techniques for determining 
chemical composition—may well be 
an inspirational “springboard’’ into 
the future for many readers. This sec- 
tion, splendidly organized by C. M. 
Albright Jr. of du Pont, classifies over 
100 techniques into four basic cate- 
gories and then simplifies the ap- 
proach to selection in a compact, four- 
page table. Other important aspects 
of the analysis section are its emphasis 
on determining chemical composition 
through reaction methods and _ its 
timely inclusion of nuclear magnetic 
resonance as a process measurement. 
Unfortunately, the handbook does 
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neglect perhaps the most lively process 
analysis tool today: vapor phase or gas 
chromatography. (‘The reviewer under- 
stands, however, that an effort was 
made to include this subject—but the 
book went to press too soon.) 

Another equally rewarding section 
is the one covering hardware for auto- 
matic control. In addition to giving 
full treatment to the well-known pneu- 
matic and electric controllers, this 
section has chapters on lesser known 
(at least from the process industry 
standpoint) hydraulic techniques and 
an unusually orderly 27-page exposure 
of the design and application of tim- 
ing and programming devices. The 
material on hydraulic controllers by 
Bert Ziebolz of Askania Regulator ex- 
hibits that engineer’s well-known abil- 
ity to simplify and classify a subject. 

All in all, the new handbook offers 
a remarkably complete exposure of a 
wide field. If it has any serious short- 
comings, they are few indeed. This 
reviewer could detect few serious gaps 
in the general coverage of measure- 
ment. He could suggest that more 
attention might have been paid to 
position-measuring devices — particu- 
larly of the type which would orient 
instrument engineering to the meas- 
urement and control of metal-forming 
and cutting processes. He could also 
suggest that since computational 
techniques are indeed moving in on 
the process field, a separate section 
might have been developed on this 
subject, exposing the reader to the 
varying gradations of computing 
mechanism design and to the present 
and possible uses of computer in guid- 
ing and controlling a process. How- 
ever, Chief Editor Considine perhaps 
wisely skirted these subjects by suggest- 
ing that data processing and automatic 
computation are “regarded as adjuncts 
to rather than as intimate components 
of instrumentation”. 

Two other excellent aspects of the 
handbook should be pointed to in 
closing: 1) its uniform and clear illus- 
trations (we suspect that the meticu- 
lous Mr. Dave Ross of Harris D. 
McKinney, Inc., editor of the Refer- 
ence Section, had much to do with 
this); 2) the glossary of over 1,000 
measurement and control terms com- 
piled by Josh Stern of the National 
Bureau of Standards. Stern’s glos- 
sary alone, and his keen introduction 
to it, make this an outstanding book. 

Lloyd E. Slater, 

Executive Director 

Foundation for Instrumentation 
Education & Research 
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Key Component 
for those 
TOUGH CONTROL JOBS 






































THE ASKANIA 
JET PIPE RELAY 
































THE ASKANIA JET PIPE RELAY, nucleus 
of Askania Controllers for pressure, flow, 
proportioning, combustion and position, is 
designed for the TOUGH control jobs. You can 
depend upon it for the operation of LARGE, 
HEAVY valves, dampers, engine throttles and 
other final control elements or those having 
high thrust requirements. 












































The Askania Jet Pipe Relay provides double 
acting positive correcting power which opens 
and closes the valve without the need of a 
spring return. 


























Shown on this page are typical examples of 
Askania’s ruggedly constructed Jet Pipe 
Control systems used for flow, pressure, 
proportioning and combustion control ap- 
plications. Askania Jet Pipe Controllers: 





























e operate equally well indoors and out- 
doors—won’t freeze 














e operate even under the most adverse ambient conditions 











e are easily installed 








e require minimum maintenance 















































e give instantaneous response to minute changes in the measured 
variable 
Send Which describes and illustrates how Askania Jet 
Pipe Regulators can be applied to various process 
for applications...shows you the solution to your own 
General 








tough problems. Write Askania Regulator Com- 
Catalog pany, 266 E. Ontario St., Chicago, Illinois 


ASKANEA recuraror company 


“CONTROLS FOR INDUSTRY” 


Hydraulic, Electrohydraulic and Electronic Controls — 
Valve Actuators and Cylinders—General System Engineering 
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WHAT'S AHEAD: MEETINGS 
oo a 


PRECISION JEWEL BEARINGS 


CONTROL 


help to produce 


PRECISION POTENTMQMETERS 


Waters LO-TORK Potentiometers with Bird Jewel Bearings are 
used on U.S. Air Force Supersonic bombers. 


Here’s how Bird Sapphire Jewel Bearings helped a prominent 
manufacturer of electrical instruments to make a major product 
advance. 


Waters Manufacturing, Inc., manufacturers of precision poten- 
tiometers, were asked to design a miniature potentiometer with 
minimum torque and reliable operation when operated in a 
contaminated fuel mixture. The result was the new Waters LLT 
% LO-TORK potentiometer with jewel bearings 
new concept in miniature potentiometers. 


an entirely 


Bird Sapphire Jewel Bearings are specified in the new Waters 
LO-TORK Potentiometers because they provide higher accu- 
racy and longer instrument life. Waters LO-TORK Poten- 
tiometers with Bird Sapphire Jewel Bearings stand up under 
even the most rugged accelerated corrosion tests conducted by 
the Armed Forces. In fact, Waters LLT % potentiometers are 
now being used in fuel flow meters where they must withstand 
the rigors of jet fuel. 


Bird Precision Jewel Bearings have been used by the foremost 
manufacturers of electrical, aircraft and timing instruments and 
recorders. They are available in a wide range of standard types, 
sizes and complete assemblies—or custom-built to your 
specifications. 

If your product design calls for jewel bearings, our engineering 
staff is at your service. A request on your letterhead for Bulletin 
100-9 will receive our prompt attention. 


1 Spruce Street, Waltham 54, Mass. 


SAPPHIRE & GLASS JEWELS « PRECISION GLASS GRINDING 
JEWEL MOUNTING & ASSEMBLY + SAPPHIRE STYLII 


ENGINEERING 


JANUARY 


Institute of Radio Engineers, Fourth 
National Symposium on Reliability 
and Quality Control (in the elec- 
tronics industry), Hotel Statler, 
New York Jan. 5-11 


Yankee Instrument Fair and Sym- 
posium (Boston, Connecticut Val- 
ley, and Fairfield County Sections, 
Instrument Society of America), 
Hotel Bradford, Boston Jan. 14-15 


Plant Maintenance and Engineering 
Conference (over 400 exhibitors), 
International Amphitheatre and 
Palmer House, Chicago Jan. 27-30 


FEBRUARY 


American Institute of Electrical En- 
gineers, Winter General Meeting, 
Hotel Statler Feb. 2-7 


Flight Control Symposium on Panel 
Integration, sponsored by U. S. Air 
Force, Flight Control Laboratory 
WADC, and Cook Research Lab- 
oratories, Baltimore Hotel, Dayton, 
Ohio; program and _ reservations: 
John H. Kearns, Box 942, Dayton 

Feb. 3-4 


Instrument Society of America, Na- 
tional Conference on Progress and 
Trends in Chemical and Petroleum 
Instrumentation, Wilmington, Del. 

Feb. 3-4 


Institute of Radio Engineers, Confer- 
ence on Transistor and Solid-State 
Circuits, University of Pennsylvania 
and Sheraton Hotel, Philadelphia 

Feb. 20-21 


MARCH 


American Institute of Chemical Engi- 
neers, 1958 Nuclear Congress 
(Fourth International Atomic Expo- 
sition), Palmer House and Interna- 
tional Amphitheatre, Chicago 

Mar. 16-21 


Institute of Radio Engineers, 1958 
National Convention, New York 
Coliseum, New York Mar. 24-27 


Fourth International Instrument 
Show, Caxton Hall, Westminster, 
London, S.W. 1 Mar. 24-29 


APRIL 


American Society of Mechanical En- 
gineers, Fourth IRD Conference, 
University of Delaware, Newark, 
Del. April 1-5 
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¢ Now availablie in & wattage ratings « Metallic resistive film accurately controlled and applied to 
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special high quality ceramic cores ¢ Designed to surpass characteristic A of specification 
MIL-R-106098B « Low noise level independent of range « Voitage coefficient can be disregarded 


Here are molded metal film resistors that set new Small in size and weight, IRC precision metal film 
standards of performance—units that will withstand resistors can replace precision wire wound resistors 
full load at 125° C. ambient to zero at 175° C.% in many applications. They are available in five 
In addition to high initial accuracy, these new MIL temperature coefficient spans for maintaining or 
type units combine a stability on load and a low, controlling resistance over wide temperature ranges. 
controlled temperature coefficient never before They can be used where high stability must be 
available in film resistors. They also provide low obtained under difficult load and humidity condi- 
inductance and shunt capacitance plus excellent tions. You'll also want to investigate 


high frequency characteristics. 


them for high 
frequency applications. Send for complete details. 


Insulated Composition Resistors ¢ 
Deposited and Boron Carbon 
Precistors ® Power Resistors ® 
Voltmeter Multipliers ¢ Ultra HF 
and Hi-Voltage Resistors 


Usherever the Cort, Says 


Low Wattage Wire Wounds ¢ 
Resistance Strips and Discs 
Selenium Rectifiers and Diodes ¢ 
Hermetic Sealing Terminals ¢ In- 
sulated Chokes © Precision Wire 
Wounds @ Potentiometers 


Ave 
ive 


SK Except 2 watt size which is rated full load at 100°C. ambient, SEND TODAY FOR IRC CATALOG B-3a 


INTERNATIONAL RESISTANCE CO. Dept.186, 401 N. Broad St., Philadelphia 8, Pa.; In Canada: International Resistance Co., Ltd., Toronto, Licensee 
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Where 


Great Ideas Come From’? 


From its beginnings this nation has been 
guided by great ideas. 


The men who hammered out the Constitution 
and the Bill of Rights were thinkers—men of 
vision—the best educated men of their day. 
And every major advance in our civilization 
since that time has come from minds equipped 
by education to create great ideas and put 
them into action. 


So, at the very core of our progress is the 
college classroom. It is there that the imagina- 
tion of young men and women gains the in- 
tellectual discipline that turns it to useful 
thinking. It is there that the great ideas of 
the future will be born. 


That is why the present tasks of our colleges 
and universities are of vital concern to every 


American. These institutions are doing their 
utmost to raise their teaching standards, to 
meet the steadily rising pressure for enroll- 
ment, and provide the healthy educational 
climate in which great ideas may flourish. 
They need the help of all who love freedom, all 
who hope for continued progress in science, 
in statesmanship, in the better things of life. 
And they need it now! 





If you want to know what the college crisis 
means to you, write for a free 
booklet to: HIGHER EDUCA- 
TION, Box 36, Times Square 
Station, New York 36, N.Y. 


ez 
NA 
~/\= HIGHER EDUCATION 


KEEP IT BRIGHT 











Sponsored ae a public service, in cooperation with the Council for Financial Aid to Education 
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A MESSAGE TO AMERICAN INDUSTRY 


e ONE OF A SPECIAL SERIES 


Pay Of College Teachers... 
Where The Russians Are The Capitalists 


This editorial deals with a simple question about 
college faculty salaries: Which country pays its 
teachers better, Russia or the United States? It’s 
a good question, with a sadly embarrassing answer. 


That American college and university teachers 
are underpaid is not a novel observation. But what 
has happened to the economic status of their pro- 
fession can be put in more candid terms. As far as 
financial incentives are concerned, we have vir- 
tually socialized the academic profession. Teach- 
ing has become such a poorly paid career, with so 
little prospect of material reward for outstanding 
performance, that it simply does not attract enough 
highly qualified young men and women. 


Ironically, the Soviet Union has deliberately 
and successfully used capitalist incentives to 
improve its educational system. Although the 
Russians show an utter disregard of civil liberties, 
they pay their teachers well and confer on them 
all the prestige and privileges the Soviet society 
can offer. Russian professors, together with party 
officials and scientists, have become the privileged 
upper class of a supposedly classless society. 


Incentives To Be A Teacher 


To be a college teacher requires high intellectual 
competence and long, sometimes costly, formal 
training. Aside from the appeal of academic life, 
what incentive does college teaching offer bright 
young men and women? 


In the U. S., the average faculty salary is little 
more than the average income of industrial 
workers. According to the National Education 
Association, the average faculty salary is about 
$5,240. College instructors receive $4,100, associ- 
ate professors $5,730 and full professors $7,100. 


The average income of U. S. factory workers in 
1956 was $4,580. 


Actually, workers in many industries — steel, 
automobile and petroleum, for example—earn more 
on the average than college teachers. And skilled 
workers often earn more than full professors at 
some of our colleges and universities. 


In Russia, on the other hand, the young So- 
viet graduate can see that it pays — and pays 
very well — to choose teaching as a career. The 
head of a department in a Russian university can 
command a salary of about 6,000 rubles a month.* 
This is about eight times the income of the average 
Russian worker, who earns 750 rubles a month. 


The Russian professor comes off very well in 
terms of what his income will buy. It has been es- 
timated that, based on Soviet consumption pat- 
terns, 6,000 rubles a month is worth about $7,200 
a year — or higher than the average professor’s 
salary in the U. S. Of course, it is difficult to com- 
pare living standards in two countries as different 
as the U. S. and Russia. But particularly in the 
field of science —- where the salaries can run to 
15,000 or more rubles a month — it is clear that 
the Soviet professor enjoys a higher real income 
than that offered his American counterpart by a 
much more prosperous economy. 


Incentives To Be A GOOD Teacher 


Russia also offers much higher premiums 
than the U. S. to those who attain distinction 
in teaching. Teachers at the university level earn 
significantly more than teachers in high schools, 
and university instructors can look forward to a 
sharply progressive rise in earning power as they 


* Soviet Education for Science and Technology by Alexander 
Korol of the M.I.T. Center for International Studies 
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How Faculty Salaries Compare 
With Industrial Wages 
(Worker’s Wage In Each Country= 100) 





IN THE U. S. IN RUSSIA 
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advance to higher positions. The spread between 
the income of a full professor and the lowest aca- 
demic position is greater than fifteen to one. In 
addition, full professors can earn a healthy bonus 
if they are elected to membership in the Russian 
Academy of Sciences. 


In the U. S., by contrast, full professors on the 
average earn less than twice as much as beginning 
instructors. And many college professors earn less 
than public school teachers in large cities. Even 
a full professor’s pay does not compare with earn- 
ings in other professions or in positions in industry 
requiring similar training. The point was well sum- 
marized in a recent speech by Marion B. Folsom, 
Secretary of Health, Education and Welfare: “It is 
nothing short of a national disgrace that we are 
discouraging people who want to teach by offering 
salaries that are far below the levels justified by 
their training and far below the levels which others 
are willing to pay.” 


Our colleges and universities, as well as our 
teachers, find themselves in a serious predicament. 
Faced with a shortage of both funds and teachers, 
they cannot reward distinguished performances. 
Limited resources for salary increases have gone 
predominantly to the lower ranks, so that an ade- 
quate number of teachers could be retained. Mean- 
while, potentially fine teachers are being siphoned 
off into better paid occupations. 


The shabby treatment of our teachers threat- 
ens to undermine, not only our educational 
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**-WORKER’S WAGE. 


standards, but our free enterprise system itself. 
There is the recent example of a liberal arts college 
which discovered that five of its graduating seniors 
were being offered starting salaries higher than 
those paid any of their professors. It would be sur- 
prising if experiences like this did not place a 
strain on the enthusiasm with which these pro- 
fessors deal with some key aspects of American 
capitalism. 


Also important is the role education is playing 
in the cold war with the Soviet Union. The Rus- 
sians have made great strides in raising the quality 
of their education — particularly in science and 
engineering. Both the number and the technical 
calibre of their graduates are impressive, as recent 
Soviet achievements testify. These successes owe 
much to the generous economic treatment the Rus- 
sians have given their teaching profession. 


A Standard For Faculty Pay 


Earlier editorials in this series have outlined 
various ways American business can help relieve 
the financial plight of our colleges and universities. 
They have suggested that private contributions to 
higher education should average at least $400 mil- 
lion a year over the next ten years if faculty salaries 
are to be raised to adequate levels and our colleges 
are to be able to meet increasing operating costs. 


Another standard for raising faculty salaries pro- 
posed by an American businessman is this: “When 
a teacher’s income gets up to a point where you 
will suggest to your boy that he ought to give some 
thought to teaching as a profession, then we may 
be approaching the right figure.” 


Russia clearly has set her teaching salaries 
well above the “right” figure. We are nowhere 
near it. What this adds up to is that the Com- 
munists — not we — have become the shrewd 
capitalists in the vital fieid of education. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nation-wide developments. Per- 
mission is freely extended to newspapers, 
groups or individuals to quote or reprint all 
or parts of the text. 


PRESIDENT 


McGRAW-HILL PUBLISHING COMPANY, INC. 
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Advertising Div. of CONTROL. ENGINEERING, 330 W. 42nd St., N. Y. 36, N. Y 








PHYSICISTS 
ENGINEERS 


@ ELECTRONICS @ AERONAUTICAL @ MECHANICAL 


of high caliber are invited to 
. join our staff of 800 employees. A staff famous 
for Outstanding Contributions and Leadership in 
the development of high performance control sys- 
tems — using an ultimate combination of gyro- 
scopic devices, servo-mechanisms and electronic 
components. 


. receive liberal] starting salaries, reviews 
with merit adjustments and promotional in- 
creases, excellent pension plan, free-life insur- 
ance, Blue Cross-Blue Shield, 10 paid holidays 
and many others. 


* Tht FOURTH DIMENSION 


. work with our nucleus of accomplished Engi- 
neers and Scientists in Advanced Research and 
Development of INERTIAL GUIDANCE SYS- 
TEMS, GYROSCOPIC DEVICES, SERVO- 
MECHANISMS, ANALOGUE AND DIGITAL 
COMPUTERS, TRANSISTOR CIRCUITRY & 
OPTICAL INSTRUMENTATION. 


write: IVAN SAMUELS, 


director of personnel 


MASSACHUSETTS 
INSTITUTE OF 
TECHNOLOGY 
INSTRUMENTATION 
LABORATORY 


68 Albany Street 
Cambridge 39, Massachusetts 





(C GRADUATE COURSES 


may be taken for credit while earning full pay 














FOR ADDITIONAL INFORMATION 


About Classified Advertising 


Contact The McGraw-Hill 
Office Nearest You 


ATLANTA, 3 
1301 Rhodes- 
Haverty Bidg 
JAckson 3-6951 
R. POWELL 


BOSTON, 16 
350 Perk Square 
HUbbard 2-7160 
J. WARTH 


CHICAGO, 11 

520 No. Michigan Ave 
MOhawk 4-5800 

W. HIGGENS 


CINCINNATI, 37 
2005 Seymour Ave 
Elmhurst 1-4150 
F. X. ROBERTS 


CLEVELAND, 15 
1510 Hanna Bidg 
SUverior 1-7000 
W. SULLIVAN 


DALLAS, 2 
Adolphus Tower, 
Main & Akard Sts. 
Riverside 7-5117 
G. JONES 

G. MILLER 


DENVER, 2 

1740 Broadway 
Mile High Center 
Alpine 5-2982 

J. PATTEN 


DETROIT, 26 

856 Penobscot Bidg. 
WO-~A4werd 2-1793 
J. GRANT 


LOS ANGELES, 17 
1125 W. 6th St. 
MAdison 6-9351 
R. YOCUM 


NEW YORK, 36 
500 Fifth Ave 

Oxford 5-5959 
R. LAWLESS 

R. OBENOUR 

D. COSTER 


PHILADELPHIA, 3 
17th & Sansom St. 
Rittenhouse 6-0670 
H. BOZARTH 

Rk. EDSALL 


ST. LOUIS, 8 
3615 Olive St. 
JEfferson 5-4867 
F. HOLLAND 


SAN FRANCISCO, 4 
6&% Pos? St. 

DOuglas 2-4600 

R. ALCORN 


CAREER OPPORTUNITIES 


With a company making premium grade elec- 
tronic equipment for aircraft for almost 30 years. 
Located in the beautiful lake region of Northern 
New Jersey, less than 35 miles from New York City. 


© TRANSISTOR CIRCUIT 
PROJECT ENGINEER 


GYRO DESIGN ENGINEER 
TECHNICAL WRITERS 
PRODUCTION ENGINEER 


CHIEF ENGINEER TO HEAD SERVO AND 
INSTRUMENT DEPARTMENT 


METHODS ENGINEERS 
QUALITY CONTROL DEPARTMENT HEAD 


Enjoy the pleasure of working in a new laboratory 
in a company whose products are known as the high- 
est quality in the industry. 


&® 


Navigation Systems 


Communication 
Systems 


Servos 
Transistors 
Transmitters 
Receivers 
Antennas 

















Write or call collect: Personnel Manager 


AIRCRAFT RADIO CORPORATION 


Boonton, N. J. DE 4-1800—Ext. 238 
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EMPLOYMENT OPPORTUNITIES 


Electrical 
Engineer 


B.S. in E.E. needed 
with 0-3 years ex 
perience for modern 
growing chemical com- 
pany expanding auto- 
matic control work. 


Opportunity for man with creative imagi- 
nation to establish a satisfactory career. 


Work 


friendly 


with every department in the 
atmosphere of a medium sized 


company offering large corporation benefits. 


Submit resume in confidence to: 


Class 


P-6789, Control Engineerin 
N.Y 


Adv. Div., P.O. Box 12, > » N.Y. 





CHIEF ENGINEER—$14,000 


Gur client, a medium size organization, desires an 
electrical engineer with a background of airborne 
antenna systems. Must be an organizer capable of 
advancement to assume much broader duties within 
the near future. Client assumes all expenses, in- 
terviewing, relocation and the agency fee. 


MONARCH PERSONNEL 


28 E. Jackson Bivd Chicago 4, 


Iinois 








If you have been looking for an Employment Agency 
that is skilled in the STATE OF THE ART of 
Technical Recruitment and wow tt gg ld , a 
FORMATION concerning positions, why n 

municate with us at once! ALL POSITIONS FE E 


PAID. 
reat irv PERSONNEL scavees 
1218 Chestnut St. ila. 7, Pa. 


Specialists in avi ation, Electronics a Nucleonics 
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EUGENE MITTELMANN, E.E., Ph.D. 


Consulting Engineer, 


INDUSTRIAL ELECTRONICS 
RESEARCH DEVELOPMENT 


Physicist 


matical Analysis, Instr 
W. Washington Blvd 


*hon STate 2 


umentation & Control 


Chicago 6, Illinois 
3171 








SVERDRUP & PARCEL, INC. 


Engineers—Architects 
Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 
and instrumentation for atomic energy chen 
cal plants. . petroleum refineries steel 
plants .. . test facilities... . and other process 

industries 
915 Olive Street St 


Louis 1, Missouri 








USED TEST EQUIPMENT 
Hydraulic Test Stands, Sait y Cabinets, Alti- 
ue, Imp 
Gauges, Flew. 
meters, Vickers and Denison Pumps. 
Your Surplus Test Equipment WANTED 


A & J MACHY Corp. 


1267 Flushing Ave. Bkiyn, N. Y. Hy 7-0729 
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For the Field of INSTRU- 


MENTATION 


AND AUT 
MATIC CONTROL SYSTEMS 











CONTROL PANELS AND CABINETS 
WIRING HARNESSES 

@ Made to your order 

@ Short runs our specialty 


Send drawings for estimate 
ASSEMBLY ASSOCIATES, Cedar Rapids, lowa 











Attention 


CONSULTING ENGINEERS 


As you already know, the field of Control En- 
gineering is growing by leaps and bounds 
throughout all industries. What you might not 
know is that many, many companies have 
actually scheduled big programs in instru- 
mentation and automatic control for 1957. 
Many of these firms, out of necessity, will 
have to enlist the aid of a Consulting Engi- 
neer to solve problems that will arise result- 
ing from this changeover. 


By offering your specialized 
through a professional card in this “Profes- 
sional Services Section’ of Control Engineer- 
ing you will attract new clients. Cards are 
set in standard size and style as shown 
above. The rates for this service are ex- 
tremely low, $49.20 per quarter on a six- 
month basis—and $45.00 per quarter on a 
twelve month basis. Bills are rendered each 
calendar quarter. Cash discount 2%-10th of 
the month following date of invoice. Send 
us your card for the next issue now. 


services 











Electronic Engineering 
in Research 
at Marquardt 


by 
Roy E. 
President 


Marquardt 


The Long Range Planning and 
Research Division at Marquardt 
was begun in 1954. Today under 
the direction of John Drake, the 
Division numbers in excess of 100 
scientists, professional engineers 
and technical staff members. Staff 
growth, however, is only one indica- 
tion of the Division’s development: 
Modern facilities and advanced 
projects contribute substantially to 
Marquardt’s stimulating creative 
research environment. 

A soon-to-be-completed research 
test center will provide Marquardt 
research scientists with a new tool 
to explore hypersonic propulsion 
and control problems. This aerody- 
namic facility will have testing 
capabilities to Mach 14.5 as a wind 
tunnel and Mach 10 for free jet 
testing with excellent simulation of 
full scale flight conditions (Rey- 
nolds Number). In addition, it will 
permit a simulation of combustion 
conditions to Mach 8 and altitudes 
above 150,000 feet. 

Marquardt’s research projects — 
ranging from accessory systems to 
Aircraft Nuclear Propulsion —offer 
scientists and engineers unlimited 
freedom of inquiry. Other projects 
include exciting new powerplant 
cycles. Some are variations of 
cycles now in existence... others 
are radically different. In addition, 
emphasis is being placed on the 
solution of control problems for 
both ANP and hypersonic air- 
breathing engines. 

Opportunity, modern facilities, 
and challenging projects, there- 
fore, permit scientists and engi- 
neers to enjoy rewarding careers 
at Marquardt. 

Present openings in Long Range 
Planning and Research include: 
Senior Electronics Research Engineers — ex- 

perience in magnetic amplifiers; or special 

vacuum tube circuit theory and application 
toward proto-type components development. 

Senior Electronics Servo Engineers — experi- 
ence in servo control work towards proto- 
type components Development. 

Experimental Research Physicists — for work 
in high temperature sensors and nuclear 
flux detectors. 

Senior Instrumentation Engineer —for work in 
special vacuum tube and semi-conductor 
circuitry and instrumentation Development. 
For additional information please 

contact, Professional Personnel, 

16557 Saticoy St., Van Nuys, Calif. 
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READY FOR DELIVERY 


TIC wmtucature multiturn potentiometer 
LINEARITY .05% 
THE PERFECT COMBINATION OF MINIATURIZATION, PRECISION AND STABILITY... 


... the M1LOTO9 multiturn precision poten- 
tiometer is especially designed for appli- 
cations in confined areas where the unit 
has to be small and yet there can be no 
loss of precision or reliability — applica- 
tions such as aircraft. missiles. computers, 
etc. 


The TIC M10TO9 has a precision machined 
aluminum base and is impervious to shock 
and severe environmental conditions. Ex- 
traordinary electrical accuracy combined 
with mechanical precision produce inher- 
ent stability. New advanced design of 
the resistance element and precious-metal 
wiper and contacts provide long life with 
minimum change in linearity and noise 
characteristics. 

The new TIC M10TO9 multiturn potenti- 
ometer is now in full production and ready 
for delivery. This latest addition to the TIC 


line of precision miniature potentiometers 
incorporates only the very best materials, 
unique new methods of design and ad- 
vanced production techniques to yield ex- 
cellent linearities. It is an 
concept in precision 
ometers. 


entirely 
miniature 


new 
potenti- 


Designed to meet the most exacting mili- 
tary and commercial specifications, this 
ten-turn potentiometer is extremely versa- 
tile. It provides high resolution in a range 
from 1000 ohms to 100,000 
operates at temperatures from 


+ 130°C, 


Type MLOTO9 is the result of TIC’s con- 
stant research and development program. 
It is another step forward in setting the 
highest standards in the precision minia- 
ture potentiometer field. 


ohms and 
So 4. © 


Complete specifications on the new MIOTO9 are available on request. 


Type MI10TO9 is the result of TIC’s constant research and development pro- 
gram. It is another step forward in setting the highest standards in the precision 


miniature potentiometer field. 


f{ TECHNOLOGY INSTRUMENT CORP. 


S23 MAIN STREET, ACTON, MASS. 
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Every instrument in Fischer & Porter’s new 
1450 Series is snugly housed in a fiber glass 
reinforced polyester case to resist the corro- 
sive action of acids, alkalis, salts, solvents, 
dust, and weather. There’s no way for cor- 
rosive atmospheres to reach the working 
instrument. Every exposed part is either 
fiber glass or 316 stainless steel. 

The new small and trim 1450 Series accom- 


j SA 


New fiber glass instrument cases shrug off corrosion 


modates all modes of control—on-off, pro- 
portional, proportional plus derivative, pro- 
portional plus reset, proportional plus reset 
plus derivative, and others. Indicators, Trans- 
mitters, and Controllers for Temperature and 
Pressure are now available on a four week 
delivery schedule. Write for Catalog 51-1450. 
Fischer & Porter Company, 718 County Line 
Road, Hatboro, Pennsylvania. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 





